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(54) HYDROCARBON COMPOUND, MATERIAL FOR ORGANIC ELECTROLUMINESCENT 
ELEMENT AND ORGANIC ELECTROLUMINESCENT ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an organic 
electroluminescent element which has excellent emitting 
efficiency and emits light at high intensity, and also to 
provide a new hydrocarbon compound which is 
preferably used for the electroluminescent element. 
SOLUTION: This organic electroluminescent element 
includes between a pair of electrodes, at least one layer 
containing at least one hydrocarbon compound in which 
anthracent and fluorene rings which have respective 
groups having formula (I) [wherein, Ar1 and Ar2 are 
substituted or unsubstituted arylene group; and Z is a 
coupling group] are directly bonded to each other. This 
hydrocarbon compound is a compound in which 
anthracene and fluorene rings which have respective 
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groups represented by formula (I) [wherein, AM and Ar2 are each a substituted or 
unsubstituted arylene group; and Z is a coupling group] are directly bonded to each other. 
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S, 2-b'J7;^D/^-10, ll-v'kh'D- 
N-v'O'/lb. fl 7-tf hT-;P», 3-hiJ7MP^ 
^A—l 0, 1 l->'bFP-N-v^> < /[b, f]7if 
tf-;W*, 3-n-7^-10, 1 1-ytKD-N 

-v^>^[b. fl 7-etf^;us. 3 -n-^+v;u- 1 

0, 1 1 -v^tc h*P-N-^>^/[b, i\7W-)V 
io 3-n-*W-10, 11-ytKD-N-y 

^>>/[b. f] 7ifkf— ;VS, 3-n-fy^-lO, 1 
1 - ytHD-N-/^>'/[b, f]7-t?e^;US, 3, 
B-y^-lO, 1 l-ykHD-N-W/ 
[b. fl 7-t?fcT-;PS, 2-*b*x-10, 11-yt 
Hn-N-y^/lb, f] 7-fe'fcfrUPS, 3-* h*-> 
- 1 0, 11 -5?k h*P-N-v^>^/[b. fl 7-t*tfx 
3-lh+y-lO, li-ykKD-N-y^ 
>>/[b, fl 7-tf fcf-;i/», 3-'fV7 , nt;M*y- 1 
0, 1 i-5>kFn-N-5*"<W0fc flr-KK^A' 
S, 3-n-7fW4y-lO, 11-ykHn-N 
-v"S>\/[b. f)7-tr*ezi;wS, 
->- 10,11 -v*k h*P-N-v"<>V[b, fl 7iftf 
3-n-r/M+y-lC ll-S?kKo 
-N-i?^>y[b. fl 7-ifkr:;^ 3-7i^- 1 
0, 1 l-ykHa-N-y^^yib, l\7M\L—)\s 
S, 3- (4' ->?Jl'7i-;l') -10,11 --✓t 
HD-N-y^>7[b, fl 7-tfkx;WS, 2-^PP- 
10,1 l-ykpn-N-y^'/Ib, f]7-tfk^;U 

3-^PP-10, 11-ykh'Q-N-W/ 
[b. fl 7-t*hfr:jUS, N- h D'O'/h d, fl 7tf kn;p 

[0 0 3 5] *»«f:«5ft#«iA»3;. »*U<ti. 7 
1/ 9 fi^©filt7> h 5 -t L- 

Tv>*fc£*n?*0, «to»*Ktt» -«3:5£ (1)7? 

(A 2 ) m- <F3> n-X 2 (1) 

— N Z (I) 
Ar, 

[0 0 3 7] (SC+. Ar i&itf A r 2 teB&ic;tte* 
tt Bm<757U-l^>»**L. Zlil^SSSt. ) j, m 
*3«ktfntt0 Sfcttl ^^b, k*J;^l«l %.tz\*.2 & 
mh. k*i2t?a&-5i:#Aill±«ll-Tt>S^-5fe<DT 
ib^Tfei<, l#2T**£*F2H±ttfl— T?"bft& 
■5fe©T*oTfe<tK fib, Xjl5J;^x 2 <D^< t 
t)-7j«-^SC (I) ] 
-KS (1) -CSSnift^ftC^HT. Xi*5cttKX 2 

50 «*fctt»«oD7^*;i'*. ttt&3itz\m.®.<D7 
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»*wi-ittst (i) T«£n-sS£«u 4>&< 
tt>-*tt-i»a (i) tasn§iti&5. 

[0 0 3 8] 
[ft 1 0 ] 

— N /Z (I) 

10 

[0 0 3 9] (SC«, Ar i*J;tfAr2tt«*Sfctt* 

-«5£ (1) T*Stiaft^«fc*V»T, Xi* 
J: tfX 2® 7 »J — JPSS «fc #7 5 )V*)VWitM&& 
LTV>Tfe«fc<, /\Py>0^, i^Hf & 1 ~ 1 6 CD* 
*. »ttSfc»4Kl«©7;i'^;k*» 1 ~ 1 6 CD* 

7'J-;H. ^it5~16©77JWH. RXftl 

~2 0©N- ; e;ti7sys. ^|S:2~4 o©n, 
[0040] —irs: (1) t*sn5ft#nt:* 

(AT, Xji3j;tXX2©7' = y*tt, IftS$:*LTUT 
t)«fc<, g*S*jBcl~2 0<D7)l*)Vm> ^*I3~2 0 
C07'J-;PS, **W±, i**4-2 0©75MJl' 
Sfc£©fi&aiT*B&&3^te^B&£nTV>T i bck 

[0 0 4 1 ] Xi**tfX2©— MS (I ) TSSttSaS 

m&i~i 6©bbl ^i^fciiMo7;i'+;i'S, ^ 30 

**1-16CM, »KtfcUIt©7J^ + ->I, 
^iH£Sc 6 ~ 2 5 ©BlfciifcW*figi©#S3!§S!IS;^#lSE 

*B&CD7S7S. a*Wi«*Rl~2 4©«« 
H^, 1 ~ 1 0 ©BML »tt*fctt»«07;^ 

r*r 1 ~ 1 0 ©buhl »8*fcia«o7;i'3 

5?S^S. 0eiH&4~i 2 ©B&Sfc&*B&©1S3i^ 40 

g?iii&7~l 2©B&£fcte*B&©77 
JUKI'S, J&5Wi^tl~2 0OIft7 5yST$i 

1~8©SSB, »tt*fctt»*©7;l'3^r>'*. 

6~1 0©fi&££&*B&©i^sS5£??S : i£3i> 

0©B&££«*B&©1i*«^#»ia&> R 
0 Olitfc«*li©77Jl'+^S< ** 
Wi0*iif!&l~2 0CDfi^75 7ST*^. 

[0042] xi#£zfX2<D-f&ji: (i) -eaisnsat so 
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£. -iVttJim* sec-TWS, tert-:/3Ml^ 

n-'O^x, -fy^^^us. ^^•^>5 L ;w*, te 
rt-^>^;ws. ->^P^>5";i/S, n-^->;us. 

1-^^)^>^)V&. 4-*<f-)V-2—*> < ?)V&. 
3, 3 -v^^T^a, 2 -X^jW^JWS, 

->^P^=^v;U^^S, 4-tert-7 > ^vi7P 
^v^S* n-A^S, ->i7P^\7'-7;i'*. n- 
^y-^S, ->£P:*£^;Hk tert-*y-^3S, 1 
-^^■^■^y^afi, 2-X3 1 Jl/<\*->;HS, 2-7P 
¥)K>7-)IM. n-/rjH, 2, 2-v^5 L ;P'\7 

2, 6->?*3\>l'-4-'N:7 B ?\H>aS, 3, 5, 
5- hU/^;^^->JUaS> n-^v-^aS. n-^>7 
->;uat, 1 - ^JlTrzyJim. n-KrvM, n - h 
iJryJH, 1 -^\^vJU^\77;US> n-f h7fy 
n-^>^^v;H£, n -'\+-y-T r v^3S> n- 
^7^7->^S. n-^i7^f->;H, n-x-fp->;u 
£&£©*&, ^tei^ns«w7j^;wat, 

[0 0 4 3] *h^v3£, Xh*vS, n-^D*+y 
S, sec-T'h^vS, n-^>^;P^->3S> 

jv-t^^m. 3, s-v^^TW^+v-as. 2-x 

7^;U**v3S> n-*i7^;P^v3S, 2 -X^Ml^ 

->ai, n-5>r-/M*y*. n-Fr/M+y 
£, n - h U =Ti/)Vtt ->ai, n-fh7T->M^ > 
S. n-^>^7 i ->;l'^vai« n-A^T-»W : t : 
->36. n-'N^T'v^^vaS. n-^-^^x^* 

n-x-f 3->/l^*->»fc2©lMl. 
HS^©7;pP^->8, 7i^M, 4-^^7i- 

4 -If^7i^M, 3-1^71^1, 2-X 

f;i/7x^M. 4-n-7Ptf;P^xx;us> 4 — f 
770^^7x^1/*, 2 — f v7ptf;W7xx;ws, 
4-n-7f*7x^H. 4-i , V7f;i'7x-* 
4 -sec-zr9-)\s7 3L-)l&> 2-sec-7"^;W7x 
4-tert-7^;i/7xx;i/», S-tert-T"^ 
il/7irjH, 2 -tert-77;U-7x^i;i/S, 4-n- 
A>fji/7xz;H, 4-'fVA>f;i'7x^;H, 4 

-^A>f Jl/7x-Jl-S, 4 - tert-^>-7;i/7x~ 
4-n-^y^7x^«, 4- (2* -X-7 

;u7^;p) 7xxjh, 4-n-A7'f;i'7xn;H 1 

4-n-^-i7^7xn;US, 4- (2* -IfJK+ 
7x=JH, 4-n-y^7i^JH, 4-n 
-f->;i'7x-;i'S. 4-n-"7>fyA7xzjH. 
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4-n- FfyJl'7xzjH, 4-n-f h^fy)^ 
xxis, 4-->7P'\*->l7xxig, 4- (4' 
-^)V : yi7U^~y)V) 7i-M 4- (4' -te 
r t - y^;U-> 7 n v-1) 7xzM, 3-->i7n^\ 

2, 3-^/^71^;^, 2, 4-y/f^7iZ 
1*. 2, 5-y^^7i-;«, 2, 6-^*^1 
7iZJ«, 3, 4-y^^7xZfS, 3, 5-S> 
*^)17 xXlS, 3, 4, 5-h'J^f*7i^ 
S. 2, 3, 5, 6-f h^^f^xZJH, 2, 4 io 
-vX^l7xXlS, 2, 6-yXf^7xx;«, 
2, 5-^y^aK*7ir*i. 2, 6-y-f77" 
n^7x^H, 2, 6-^-fV7'f;i'7x^H, 
2, 4 - ter t - 7*^-17 x xlX, 2, 5-v^-te 
rt-7^l7xXlS, 4, 6 -~7-tert-^l- 2 
-*^17xx1X, 5 -tert-T*? 1 !- 2 -*^17 
xr^S, 4-tert-7^1- 2, 6-y^fJl/7xr 
IS, i-i-y^)vm, 2-i-y^)vm. 1, 2, 3, 

4-fH7th'D-5-t7f;H, 1, 2, 3, 4- 
f S7th'D-6-t7fJl-i> 4-Iff-l-t7 20 
^IS, 6-n-7*5Pl-2-:J-7^1S, 5 — ( 

xis. 

CO 0 4 4] 4-/h*y7xZJPS, 3-^h*y7 
x^JI^S, 2-^h + y7xX;« > 4 -X h + v7i 
XlS, 3-Ih^y7x^i, 2-Xh^v-7xX 
IS, 4-n-7"nt:M+y7x^S, 3-n-7* 
Pfcfl^v^xXlS, 4--f V^Plfl^v^x 
xl*. 2-fV7am*y7xZiH, 4-n- 
^Wtyyx^S, 4-i , v7fJl'^y7xr 
IS, 2-sec-7'fM+y7x^S, 4 - n 30 
yj-)V** -> 7 x xis, 4-<7'<>f^y7x 
xis, 2-fy^>fM*y7xzjH, 4-** 
/ OfW*y7x^S, 2 -*:*^>^l:**v7 
x'M, 4 - n-^yM+y7x-JH, 4- 

(2' -x^l7^1) ^y7xrjH, 4-n-^\ 
7fJWt-/7i^)H, 4-n-*?m+y7x 
xlS, 4-n-y-M*y7x^;H. 4-11—5* 
->7i xiS, 4-n-i)>r>W+y7i 
xlS, 4-n - FryW+y7xZiH, 4-n- 
rh7fv'M*y7xZ^S 1 4 - ->7 P^vl* 40 
+y7xz;i/S, 2 - y?P^yM*y7x-;i/ 
S, 2, 3-y7^y7x-JH. 2, 4-v^b* 
•y7x^H, 2, 5-y^h + y7x^«, 3, 4 
-y/H*y7x^«, 3, 5-y>^y7x-^ 
S, 3, 5-yIh*y7xrjH, 2-*h-=£v~4 
-^^7x^S, 2-^h+y-5-^f^7x- 
IS, 2-^f;i'-4-^h+y7x^H, 3-*^ 
1- 4 h + y7xzj«, 3-^^;l/-5-^ h + 
y7x-)H, 2 b*->- 1 -T^^IS, 4-* 
h*->- 1 -^7^1S, 4-n-7^1:**->- 1 - so 



t^^is, 5-Xh*y-l-t7f;«> 

2 -?"7^1S, 6-Ih^r-y-2-t7f;i' 
S, 6-n-^;^^->-2-7"75 1 ;PS, 6-n- 
^\*->l:t*v- 2 -7-7^18, 7-;*h*->-2- 
7-7^18, 7-n-y^^^v-2-±7^-;P*, 
[0 0 4 5] 4-7x-;i'7xX;H, 3-7x^7 
xZJH, 2-7x^7x^1- 4- (4' -^^ 
l7xxi) 7x^S. 4- (3' -^f*7x- 
1) 7x-;H. 4- (4' -I^7x-JW 7x- 
IS, 4- (4' -fV7"oW7x^) 71=1 
S. 4- (4* -tert^^J^xXl) 7x=;H, 

4- (4' -n-A+y^7x-f) 7xZM> 4- 
(4' -n-t7ff7x=JH 7x=;H, 4- 
(4* -/h + y7x^) 7x^«, 4- (4' - 

n-7fM+y7x^W 7xZJH. 2- (2* - 
/h^y7x=JW 7x=*S. 4- (4* -?nD7 
xXl) 7i=jH, 3-^f*-4-7x^7xr 
IS, 3-/h*y-4-7xr;i/7x=;H, 4-7 
MD7xrjH, 3-7WD7xr;H, 2-71 
*Q7xrjH, 4~7PP7xXlS, 3-7PP7 
xXlS, 2-7PP7xXlS, 4-7nt7xri 
S. 2-7P^:7xXlS, 4-h'j7WD^fJP7 
xXlS, 2, 3-y7Mn7xr;H, 2. 4-5? 
7Ma7x^« 1 2, 5-y7MD7xx;l/S, 
2, 6-y7MD7xzm 3, 4-y7MD7 
x-M, 3. 5-y7JWU7xz;«, 2, 3-5* 
?pn7x^S, 2, 4-^7 00 7x^1, 2, 

5- y7DQ7xrjH, 3, 4-y?DD7xZ^ 
S, 3, 5-5?7PP7xXlS, 2, 5-770^7 
xXlS, 2, 4, 6 - h U 7PP7xXlS, 2-7 
^0-4-^^7x^1, 2-7Wo-5-^ 
^7x=JH, 3-7MD-2-^ff7xr;|/ 
S, 3-7Ma-4-^f^7xr;H, 2-*^l 
-4-7ltP7x-JH- 2-^^-5-7Mn 
7xXlS, 3-^fl-4-7MP7xZjH, 2 
-?ao-4-/fJ|/7x^H, 2-7PP-5-^ 
fJP7x-Jl'S, 2-^00-6-/^7x^1. 

3- 7nn-4-/fJI/7xzM, 2-/^1- 3 - 
7PP7xXlS, 2-*^l-4-7PP7xXl 
S, 3-*^l-4-7PP7xXlS, 2 -7PP- 
4, 6-y/f;l/7x=;H, 2, 4-y^OO-l- 
7"7^lS, 1, 6-y?OD-2-t7fJH, 2- 
/h+y-4-7MP7xnS, 3 h + ->-4 
-7WD7x^S, 2-7MP-4-/h^y7 
i^JH, 2-7Mo-4-Ih4y7x-;H. 2 
-7MO-6 h*y7x-^S, 3-71*0- 

4- /^y7x=fS, 3-7Mo-4-lh+y 
7xXlS, 2-7DO-4-/ N*->7xXlS, 3 
-7PP-4-* h*->7xXlS. 2 h^->- 5 
-7PP7xXlS, 3-/ N^->-4-7PP7xX 
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;H. 3 -7 h^v- 6 -7PP7xXJH. 5-7P 
P-2, 4-^7 h+v^cr-X^l&t'roB&S^li* 
fi&CD^Htgiii^S&l. 

[0 0 4 6] 4-*7'J;H, 3-*7'j;H. 4-* 

f^-2-+yijM, 4 -try swat 

1, 2-H'JyM, 4-^f^-2-tfUyM, 5 

- 7 - 2 - tf y v;n, 6 - 7 7^- 2 - tr y i»v 
1, 6-7;u^n- 3-try^s, 6-7h*->-3 
-fcf'JvMH, 6-^h+y-2-HUy;H, 3-7 

y;H, 2-?y;n, 3-7x-;H, 2-7x-;p 
1, 4-77^-3-7X-;H, 5-77;y-2-7 
IZ^S, 3-77^-2-7XX;H, 2— 

y;n, 2-77i/y;n, 2 i/u^ 
1, 2-"<>y77i/yjn, 2-^> > /-f5^^y;p 

;H, 7x^f;n, o-^5 1 ;i/^>v J ;w», a, a- 
i>^j-)v^> : j)vm, 1 -^^MTyn, 2—5-7 

7;V77;H, 7)17 'J ;H, 2-77;W<>v,>H, 

3- 77;l^>>MH, 4-77;i^<>>^H, 4 -X 
7;l^>v;H, 4 — fV^PKJI^>5?^*. 4-te 
Tt-7'3 L )l'<>i?)lM. 4 - n -'\^r>'J^>^*. 

4- n-;zM>yiH, 3, 4 - v 5 77Jl'^>:> ; ;y 
S, 3-7 h*v"^>>MH, 4-^h+->^>-x^ 
1, 4-lh+y^>y';l'S, 4-n--7*?;U^^->^ 
>v;H, 4-n-^\^v;^+v-^>v;P*. 4-n 
-y-^^+v'Ov^S, 3 -T'^P'OvJU. 
4-!7;]/;tP'<>vJH. 2-^nDt>-/JH, 4- 
*an^>iWaifc£©B*£fcJ±5tHl*©77^4^ 
1. 75 7*, N-^^7=yl. 

1. N-n-^7$yl, N-yyD^yJP75 
71. N-n-*:y7;i'757l. N-n-5 ; v;W75 
/S, N-^Oy^Ti/S. N-7i^7$;l, 
N— (3-/f^7iZW 7578. N- (4-75" 
)1>7*—M 7571, N- 

;P) 75 71, N— (4-7 h+->7xrJH 757 
1. N— (3-7Mn7i^H 7571, N- (4 
-^DD7i-;l/) 7571, N- (l-j-7?)V) 7 
571, N- {2—5-7?M 7571, N, N-v7 
f;i,75 7l, N, N-yX^75 7l, N, N-5? 
-n -77^75 71, N, N-y-n-^y^S 
71, N, N-v'-n-:*?7Jl'75 7l. N, N-v 
-n-5 f ->;P75 7l, N, N- v- n - Fr^TS 
71, N-77;U-N-X7JW75 71, N-X^)V- 
N-n-7^75 71, N — 7 7^ -N-7x^7 
571, N-n-7fA-N-7x^757l N, 
N-y7x-;P75 71. N, N-v (3 77^7xZ 
M 75 71, N, N-v (4-X^7i^l') 75 
71, N, N- v (4-If^7i^H 75 71. 
N, N-v 5 (4-tert-75 1 ;i'7xx;W 75 71. 
N, N-v (4 - n-A+y;l-7xZJW 75 71. 



(10) 

/<? 

N, N-v (4-7 h*y7i;JW 7571, N, N 
-v (4-lh + -/7i-;W 75 71, N, N-v 

(4-n-7fM*y7x^) 75 71, N, N- 
V (4-n-A+yM+y7i^) 75 71, N, 
N-v (1-5-77JW) 75 71, N, N-5? (2— 7 
7fjW 75 71, N-7i^-N- (3-77^7 
7571, N-7x^-N- (4-77JW7 
xx;i/) 7571, N-7i-lhN- (4-^-^7^ 
7i^W 7571, N-7i^-N- (4-7 
10 ->7irjH 7571, N-7IZJI/-N- (4-Ih 
+ 7571, N-7x-JHN- (4-n 

-^->M*y7xZJH 75 71, N-7x^- 
N- (4-7MD7i^H 7571, N-7x^ 
-N- (l-t7fJW 7571, N-7xrjP-N- 

(2-t7f;W 7571, N-7x~Jl/-N- (4- 
7xr^7x-iW 75 7»fc£*©BtJl5£fcW:*filfc© 
7 5 7 1)4 <!: &m Vf Z> Z. £ **T* £ . 

[0 0 4 7] — ( 1 ) T*Sn6ft*ftl:S^T, 

A i is «fc A 2 tt* *i^*i$ii£ n , am * tz H*B& © 7 

20 >h7t>y-f;«^L, Fj, F2*«ka t F 3 tt^-fl 

[0 0 4 8] Ai, A2, Fj, F2*5 J:tXF3^MSI12r 
*«£-©fi&l£L-n;i, flIAtf, Aay>Bf, 
ESS. #ft£fcW3!l#©7Jl'*Jl'l, ESS. tti&Sfcte 
S«<57;^ + yl, gft$t(i*gi07'J-J«, 

■**fcii*«*o77;p*;i'*» *4v»tt««*fcfi 

*B&©75 71#*tf £>*l£. 
[0 0 4 9] iSS, TU-Mtlt 7x-M, 5-77 

30 ;Hfe£©£i3f§ai5£3mBil. 7'J;H, 7x-;n, 

[0 0 5 0] Ai, A2, Fj. F243«t^*F3^fi«ll$r 

A^JtbT^tffcAP7>M^. EM, flttSfcttSR 
#©7JP*;H, E0L #tt*fcttl[t«©7;i<3*-> 

i. ssisfcn*gm©^^ss:5?#^i, fi&£*:te 

Bft*fcW:*B&©75 7*, **Vitt-iR« 

(i) -cmznz&zmifzzttf-ezz. 

40 [0 0 5 1] 

[{t 2 o ] 

— N > („ 
Ar, 

[0 0 5 2] (iC+. Ar i&±tfA r 2teB&*£te* 
«*©7'J-U>*€*b, z ) 

[0 0 5 3] Ai*3«tO*A2H. 0J*J3\ B&;£*:te*fi 
m<D7>h7±.>-l, 4 -v-f;H. B&£fc«*B 
so *©7>h5t>-l, 5-v-TJH. 8&££tt*fi 
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i o-s?-f;u*. BifcSfctt* 
i o-^ivm. w&*tz\$ 



20 



m<DT>by±>-l, 
Sl©T>h7-t>- 1. 
I(l©7>h7-fe>- 1, 

B^©7>h7-fe>-2, 
B&©7>h7-il>-2, 
B&©7>h7-t>-2, 
iI©7>h7t>-2, 
*H«7>h7t>-9, 10-y^;HtafeO, Iff 

4- 
5 - 
6- 
7 - 
1 0 



*L<I4. l«S/itt*ffll©7>h7t>-l, 
vM'Jl'S, B**fctt*B*©7>h5-fe>-l. 
^Mfc B«*fcH:*B3W>7>H5-fc>-2, 
S?-f;W6, i»Sfctt*l«07>h7t>-2. 
vM')!'*, B**fctt*B*©7>h5-fc>-9, 
-^-dUXT&O. iOffSKfl B&£*:te*B«l 
<Z>7>h5-fe>-9, 1 0-y-fMT*l). 
[0 0 5 4] Fi, F 2 £cfctfF3te, B&Sfc 
tt*B*«D:7;i>:*l'>- 1. 3-5?-f;W6. BftSfctt 

mm&vyjvxvy- 1. 6-v-f;ws, B&Sfcte* 
m^<Dy)^u>- i, 7-s?-f;p*. fi**/tn*« 
ft©7Mi/>-i, 8-v-r;ws, Biisfc(i*B^ 
<D7JW^-i^>-2, B**fctt*«*© 
7;w^i^>-2, 7-sm;u«, fi&£fc«:*figl©:7* 



fcti*«*©7;i'*u>-i., -7-^ jus, s&i:fc 
«*b&<d 7 ^ 1^ > - 1 . 8 - 3M JWS, fi& * 
*b«©7;u*U'>- 2, 6-v-f;PS. 

gft<D7;P;*l'>- 2, 7-SM;!'*. fi»£fcte*fi 

vy-2, 7 -is-uim-z&z. 

[0 0 5 5] -jiSS (1) T3s2tt5{fc'&W'i5UT, 
2&3?. $?£L<(£, ©WIT**. ©j£«fctfn# 
2T&9> W1T*0, bJSOTW, £<fctf<3)j. m 

20 [0 0 5 6] — j&5£ (1) T^nSffc'&fjWU j, k. 



Aj. A2^ 



Xj-Aj 


_ F2 


-x 2 






(1 a) 


Xi-F] 


-Al 


-F 2 -X 2 






(1 b) 


Xj-Aj 


_ F2 


-A 2 -X 2 






(1 c) 


Xj-Aj 


-F 2 


-F 2 -X 2 






(Id) 


Xi-Aj 


-Ai 


-F 2 -X 2 






(1 e) 


Xl-Fi 


-Al 


-F 2 -A 2 -X 2 






(If) 


Xi-F, 


-Al 


-F 2 -F 2 -X 2 






(1 g) 


Xi-Fj 


-Al 


-Ai-F 2 -X 2 






(1 h) 


Xl-Aj 


-F 2 


-F 2 -A 2 -X 2 






(1 i ) 


Xj-Aj 


-Al 


-F 2 -A 2 -X 2 






(1 j ) 


Xi-Aj 


-Al 


-F 2 -F 2 -X 2 






(lk) 


Xl~A] 


_p 2 


-F 2 -F 3 -X 2 






(1 1 ) 


Xl-Fi 


-Al 


-F 2 -A 2 -F 3 - 


x 2 




(lm) 


Xl-F] 


-Al 


-F 2 -F 2 -A 2 - 


x 2 




(in) 


Xi-F] 


-Al 


-Ai-F 2 -A 2 - 


x 2 




(lo) 


Xl-F] 


-Ai 


-Ai-F 2 -F 2 - 


x 2 




(lp) 


Xl-A] 


-Al 


-F 2 -F 2 -A 2 - 


x 2 




(1 q) 


Xl-F] 


-Ai 


-F 2 -F 2 -F3- 


x 2 




(1 r) 


Xl-A] 


-Al 


-F 2 -Ai-F3- 


x 2 




(Is) 


Xj-A] 


-Al 


-F 2 -F 2 -F 3 - 


x 2 




(1 t) 


Xl-F, 


[-Ai 


-Ai-F 2 -F 2 - 


A 2 - 


-x 2 


(1 u) 


Xl~F] 


-Ai 


-F 2 -F 2 -A 2 - 


F 3 - 


-x 2 


(1 v) 


Xl-F] 


-Ai 


-Ai-F 2 -A 2 - 


F3 


-x 2 


(lw) 


Xl-F] 


-Ai 


-Aj-F 2 -F 2 - 


F3 


-x 2 


(1 x) 


Xj-A 


-Al 


-F 2 -F 2 -A 2 - 


F 3 


-x 2 


(1 y) 


Xj-F 


I — Ai 


-Ai~F 2 -F 2 - 


A 2 


-F 3 -X 2 


(1 z) 


Fl« F 2 


. F 3 , 






50 »S ( 1 ) 





ft 69 2 0 0 3-1 2 8 6 51 (P2003-1286S1 A) 



(12) 



21 



22 



[0 0 5 7] £tt£©;&tifi©5-&, H£l><\Z, (1 
a) . (lb), (lc), (Id), (If). (1 
g) . (11), (11), (lm) , (In), (1 
r) , (lv) £J:tf (ly) T'^SnSflfigTifc 9 , 
±D»*b<tt, (la), (lb), (lc). (1 
f) . (1 g) . (11), (lm) , *3«fctf (1 v) 
T-SlStlSJStire&D, ££HfcF£b<te. (la) , 

(lb), (1 c) 43J:tf (lm) T*^tl§«igT'fe* 



* 5. 



[0 0 5 8] -*S (l) T«$ns{t:&$i© 

»*l/V»»«tl/Ttt. TfS-JK^ (2) , TfB-&5£ 
(3) *J:ETFE-«SC (4) T*Sn*fl:^«€^f 

[0 0 5 9] 
[ft2l3 




(2) 



[0 0 6 0] [SC*. R2i*J:tfR22tt**l^*fi 
K, zkiHIjR^, MU #IRSfctt3Rtt©7;i'*;i'S, S 

&©77^*;i'S£*U X20i~X224tt*^* 1 *^ 
tr, fcsRJSFf, Any>If, M. ^te^feli»«© 

«*fctt*«»©7«j-;i/a, iitfcn*itw7s 
/a, **v^i-«* (i) t*sn^«5:*u. 

[0 0 6 1] 
[ft 2 2] 

,Ar, 



[0 0 6 2] (it*, A r i*J«fctf A r 2teHtfc*fcl£* 

20i~X224©^< tt>— (i) r«sn 

20 *»S*r. fib. R2b R22*5*^X201~X224^7 

[0 0 6 3] 
[ft2 3] 



-N 



(I) 




(3) 



[0 0 6 4] Kf. R3i~R34li^-n-? r n^S:tC, * 
JfcBH 1 , ifttt. #tt*fcttSltt©7;MrJl'S. B&£fc 
tt*W07iJ-)H, »*Wi«*Sfctt*«*©7 
?Wp;H6*1/. X301~X 3 22«*-*l-?*-l*£^ * 

istic^. /\Dy>«f. m. »«L*fctt»«©7^* 

te*«&©7'J-JUS, S&3:fcte*gSI©7SyS, 
KSC (I) T*3ft5X£*U 
[0 0 6 5] 
lit 2 4 ] 



40 



-N Z 



(I) 



[0 0 6 6] (jS*, Ar i&<fctf A r 2teS&££te;*: 
g&©7<J-l'>S£«U Ztt*IS*S«"r. ) X 
301~X322©^< £t>— (I) T^£tt 
fib, R3i~R34^=t^ x 301~X 32 2«7 

[0 0 6 7] 
lit 2 5 ] 



« 19 2003-1 28651 (P2003-1 2865 1 A) 



(13) 




(4) 



[0 0 6 8] [j£H>, R4i*«fcCXR42^^ :n * a: 

\z. *?stij§c^ mm. tt®.*tz\tm&o7 )v*)vm. e «o 

tr. **n^, Any>Rf. mm. #«*£»»*© 
7)i*)vm. mm. ft&&tz\tm&v>7)vu*i/m. a 

y*. **W*HRSC (I) T*S*i*£S3lU 
CO 0 6 9] 
Wt2 6] 



Ar, 



(I) 



SSS^S^S, **W4K*R7~1 0©«Mifctt 
*M©77K;i'» , Cft4. R21« R22^ R 31~ 
R 34 , R 4 i*J:tXR420»ff«tbTtt, tK*M^, * 

mm. s^fz\t^m^<Dmmm^mmm. a*wi 

[0 0 7 4] -SSiC (2) , -«55 (3) isitf-uss; 
(4) ?*Stl5ft^*ll:«^T, X201~X224< X 

30i~X322*3=t^X4oi~x 4 i6i± j en-e : nsiijiL{^ ** 
sc^. Any>Bf. mm. ftt$L*.iz\mvtv>7)v*)v 
m. mm. &&.tiit\3m&.v>7 fr-z^m. g&££te 
*g«|CD7U-;U*, g&£fci;t*g&©75ys, & 
*wi-«5£ (i) "cassft**s*u 

[0 0 7 5] 
[ft 2 7 ] 



Ar. 



(I) 



[0 0 7 0] (St«t>, Ar i*.ktfAr2WJMfc*fctt* 

«io7y-i/>it*u ztting***-*-. ) x 

401~X4i6©^<<tt)— tPtt, — jR* (I) T'*$n 
****-r. IBU R41, R42^=t^X40l~X 4 i 6 «7 

[0 0 7 1] -ttS (2) . -«SC (3) 43J:tf-K5£ 
(4) T«Sn4ft^«tiV»T, R21- R22- R 31~ 
R34. R4i&£CJCR42tt*;rv?ttikft£. xmrn?* m 

m. #®.*LTz\-mft<DT)v*)vm. g&££te*g&© 
7 u * v»ttiji*ftii*wo77MJH 

*Si-r. fib, R 2 l> R22- R31~ R 34- R41*3^^R 
[0 0 7 2] OK. 7'J— JWatH. 7i-M, 

[0 0 7 3] R21. R22« R41~ R 44> R51**^R52 
U. »*U<tt. JikJKJR^ 134**1-1 6©*«. » 
m$i1Z\i8Wt<D7)V>*)i'&. i^*&6~2 5©g&£fc 

6 OBI* fttt*M075M*i'7* D , ±9 #3: 

b<»i, tkjkk^, ft*gu ~ 1 0 omm. ft®.-£tc\t 

m&<D7)V*)l&. E£s?iffSc6~l 2©g&£fcte*gft 

ofcmm^mmm. ^**4~i 2©g&£fc«;*g 

«©«*SiC^#*S, **WiiMH*7~l 2©g& 

tt, **« J 3 L . 0?SS?f& 1 ~ 8 ©fifS, #IR*fclilB#© 
7;i/*;i'*, k**6~1 0 ©«*$/£«*■*©«* 



[0 0 7 6] (SCK A r i43«fc^A r 2tt«**fc»±* 

iio7U-i/>s*«u ztt*BS**f. ) x 

201~X224©4>ft< t%— r>. X3d~X322©^< £ 
%>— 3, X40i~X4i6©^<£t>-^^ 
(I) TSStlSS^ST. fib. X201~X224, X 
301~X322*3«ty : X401~X4i6^7> h U ;PS*Scfctf 7 

30 [0 0 7 7] ft. 7U-^*£(i» 7i^;H, ^-7^ 

;us&£©jKssm:£;£ft(&S, 7'j;«. 

[0 0 7 8] X201~X224^ X301~X322*5^^X 4 oi 

~x 4 i 6 ©-)S^ (i) T*sn*a6«n©*fi. »* 

Ktt. zKJMK*. i\ufyW.=t. l ~ 1 6 ©B: 

m. »»*fc»an*o7^;i'». e*** 1 ~ 1 6 ©si 

ft, $H£*fcH^R©7;iO*->S, 6 ~ 2 5 © 

©g«*fett*g«©«*ss:^*«*. *«m©75 

40 y*, **V»tt»3R»l~2 4©gJH75/*T»0. 

io©om »K*fcttm«©7;i/*^*, ^*ssci~ 

~ 1 2 ©gffc*fctt*g!fc©^*S3^*&X. 

hjhmsc4~i 2 ©«ft*fcf4*«*©ii*«ia!P»* 

m. **lr»J*»*»Cl~2 0©««7Sy*T?*D, s 

'SOU. ««*fc»MI«©7**^». ^**1~8 
omm. »«[*fc»4l!l*©7;W3*^X. ^**6~l 
50 0 0li*fcli*f t^K^S^SM. 



«Ba 2003-1 28651 (P2O03-1 28651 A) 



(14) 

25 

[0 0 7 9] X 2 01~X 2 24^ X 3 oi~X322*5=ty t X 4 oi 

~x 4l6 <D-)gs ( i ) T?aan*as6Jin©*©JM*:« t 

l/Ttt, **BHF\ *fcttXi*J:^X2©*#«a:UT 
[0 0 8 0] *l^H«^MAOl#WtLTtt, 



[0 0 8 1] 
[ft 2 8] 




[0 0 8 2] 
Mb 2 9] 




4#I32003-128651 (P2003-1 28651 A) 




KB82003-128651 (P2003-1 28651 A) 




[0 0 8 7] 
[ft3 4] 



30 



PI 2003-1 28651 (P2003-1 28651 A) 




[0 0 9 0] HE3 7] 



$$§12003-128651 (P2003-128651 A) 




[0 0 9 1 ] 



Ut3 8] 



4#B820Q3-128651 (P2003-1 28651 A) 

* 4 



[0 0 9 2] 
Ut3 9] 




*%BI 2003-1 28651 (P2003-1 28651 A) 



[0 0 9 3] 




[0 0 9 4] 



lit 4 1] 



2003-1 28651 (P2003-1 28651 A) 




lit 4 2] 



« §12003-128651 (P2003-1 28651 A) 




[0 0 9 6] 



Mfc 4 3] 



*#g32003-128651 (P2003-1 28651 A) 




§§2003-1 28651 (P2003-1 28651 A) 




[0 10 0] so [<t4 7] 



4f 132003-128651 (P2003-1 28651 A) 



(25) 




[0101] 

[flS4 8] [0 10 2] 

Ut4 9] 



45682003-128651 (P2O03-128651A) 




[0 10 3] 
HL 5 0 ] 



[0 10 4] 
lit 5 1] 



*tB§2003-128651 (P2003-1 28651 A) 




$3^2003-128651 (P2003-1 28651 A) 




[0 10 6] 



[ft 5 3 3 



*3&I2003-128651 (P20Q3-1 28651 A) 




^§12003-128651 (P2003-128651A) 




[0 10 9] 



lit 5 6 ] 



«g§2003-128651 (P2003-1 28651 A) 




[01 10] 



Ut5 7] 



45112003-128651 (P2003-1 28651 A) 




[0111] 



[ft 5 8 ] 



ftBI 2003-1 28651 (P2003-1 28651 A) 



[0 112] 




2003-1 28651 (P2003-1 2865 1 A) 




$SPI2003-128651 (P2003-1 28651 A) 




[0 115] 
[ft 6 2] 



ft §12003-128651 (P2003-1 28651 A) 




*#g§2003-128651 (P20O3-1 28651 A) 




m §32003-1 28651 (P2003-1 28651A) 



[0 118] 



[0 119] 




[0120] 50 lit 6 7 ] 



!HS§3 2003-1 28651 (P2003-1 28651 A) 



[0 12 1] 




[0122] Hfc6 9] 



45 ffi 2003-1 28651 (P2003-1 28651 A) 



[0 12 3] 




[0124] [it 7 1 ] 



^012003-128651 (P2003-1 2865U) 



(42) 



[0 12 7] 




[0 12 8] 



[it 7 5 ] 



&6I2003-128651 (P2003-1 28651 A) 



(43) 



12 9] 




13 0] 



so [ffc7 7] 




[0 13 2] 



[ft 7 9 3 



43812003-128651 (P2003-1 28651 A) 



[0 13 3] 




[0 13 4] 



lit 8 1 ] 



4SE12003-128651 (P2003-1 2865 1 A) 




ttN 2003-128651 (P2003-1 28651 A) 



(47) 



[0 13 7] 




[0 13 8] tfc8 5] 



2003-1 28651 (P2003-1 28651 A) 



[0 13 9] 




[0140] Mb 8 7 3 



43 €32003-128651 (P20O3-1 28651 A) 



(50) 

97 98 



[0 14 3] 




[0144] [ft91] 



m S3 2003-1 28651 (P2003-1 28651 A) 



(51) 



[0 14 5] 




[0 14 6] Ht9 3] 



«Pg 2003-1 28651 (P2003-1 28651 A) 



(58) 



[0 15 9] 




[0 16 0] Htl0 7] 



t§ IS 2003-1 28651 (P2003-1 28651 A) 

(59) 



115 US 



[0161] 




[0 16 2] [ftl0 9] 



ttN 2003-128651 (P2003-1 28651 A) 



(60) 



[0 16 3] 




[0164] 40 Mb 1 1 1 ] 



43 612003-128651 (P2003-128651 A) 



(61) 

119 120 



[0 16 5] 




[0 166] HbH3] 



4§ m 2003-1 28651 (P2003-1 28651 A) 



[0 16 7] 




[0168] [ft 1 1 5 ] 



« 2003-1 28651 (P2003-1 28651 A) 



(63) 



[0 16 9] 




[0 17 0] Ml 17] 



15632003-128651 (P2003-1 28651 A) 



(64) 

125 ™ 



[0171] 




[0 17 2] 



[ft 1 1 9 ) 



«gg 2003-128651 (P2003-1 2865U) 



(66) 

129 130 



[0 17 5] 




[0176] [ft 1 2 3 ] 



ft 63 2 0 0 3-1 2 8 6 51 (P2003-1 28651 A) 

(67) 



131 132 



[0 17 7] 




[0 17 8] [<fcl2 5] 



4963 2003-128651 (P2003-1 28651 A) 



(68) 



[0 17 9] 




[0180] Mb 1 2 7 ] 




[0 18 4] 



Ot 1 3 1 ] 



4§ 69 2003-1 28651 (P2003-1 28651 A) 



(71) 



[0 18 5] 




[0186] [ft 1 3 3 ] 



^§3 2003-128651 (P2003-1 28651 A) 



tO 1 8 7] 




[0 18 8] [ftl 3 5] 



43632003-128651 (P2003-1 28651 A) 



[0 18 9] 




[0 19 0] 40 [<bl3 7] 



*3 §§2003-1 28651 (P2003-1 28651 A) 



(74) 



[0191] 




[0192] « lit 1 3 9 ] 



$508 2 0 0 3-12 8 6 51 (P2003-128651A) 



(75) 



[0 19 3] 




[0 19 4] MS14 1] 



«Bi 2003-1 28651 (P2003-1 28651 A) 




[0 1 9 5] 



HI 



* 20 * [{t 1 4 2 ] 

, CH, DL , CH, 




[0 19 6] *^St:«5ft^AH !ff*t<H 01 
*^iS^A-l~A-4 0, B-1~B-4(K C 
- 1 ~C - 4 5 > F-l-F-3 0, G-l~G-2 
5, I - 1~ I -4 0, iSitKM- l~M-2 5t*SS 
n-Sfb^T^O, J:D»*b<«, 03^b^#^A 
- 1 ~A- 4 0 s B-l-B-40, C - 1 ~C - 4 
5, F-l~F-30, I - 1 ~ I - 4 0 , £>£tfM- 
l~M-2 5T^nM^T*t), S&fcffSK 
te, A- 1 ~A- 4 0 . B- l~B-4 0. C - 1 ~C 
-4 5, toXZJto- l~M-2 5T^Sn-&<k^ 
3. 



40 [0 19 7] #56WK:«*ft;£#>Att. m*.\Z. J£AT<D 

U7lZ;V7tX7^» A7-77A-7i7D7^ F) is 

A, NUI^75» c7)#ftTTKJ&£-fr5 (MA 
«, Chem. Rev. , 35, 2457 (1995) K i2« CD 7j f 

so [0 19 81 Sfc, *3B9IC**<l:£«Att, WAH 



*S§I 2003-128651 (P2003-1 28651 A) 



(77) 



151 



152 



(hU7x^7tX7^» r\5WJ»* (h'J 
em. Rev. . 21. 2457 (1995) tcE«©*j*fc##Cf * £ t 

[0199] *36WK«-&-«5S (i) Tizfrznzit 

Xi- (Fj) j- (Ai) k-B (OH) 2 
Yi- (F2) I" <A 2 ) m - <F3> n~X2 
[±^4'> Ai, A2. Fj, F2> F3, Xi. X 2 . j. 

k, k mfc.ttfnra:, (1) o«-&trau***a 

U YiHAPy>^^«-T) -«S (6) fcfct> 

[0 2 0 1] -jKsS (1) T*sn*fb£*n. 
«Atf, TE-KSC (7) T*Sft5ft^lS. TE- 

(8) T*Sn4*flft^«fc. /195>*»» 
Xi- (Fi) j- (Ai) k"Y2 
(HO) 2B- (F2) 1- (A2) m' 
1±&<P, Ai, A2» Fi, F2. F3> Xj, X 2 > i> 
k, 1, m*5J:tfnHi, -RSI (1) 

— JKSC (7) Hi5l^T. Y 2 liAoy>M^ : €r*b, 
£L<(i> VLXM?. JUHR^. 3-7$gfSSt. 
[0 2 0 3] M, -KSC (5) £=ktf-«S:5£ (8) T« 

snsft^iii (7) ^.ttf-ssa; 

(6) T?*Sft4fc£-*K. #JAtf. n-^JP'J^ 

£ tr «fc D MiS-T 3 CI £ S o 
[0 2 0 4] -«85£ (1) T?SStl4ft^«05 

AiJj»««S*:tt*««©7>h9-t>-9. 10 

(6) *5<fctTFE-ISS: (9) T?*sn5ft*«t:. 0U 
tTISlTtS'J ttit&V) £tz\Z!f U X"V- 

-fe>-9, 1 0-y-f*l'P»D, 
[0 2 0 5] 

Xi- (Fi) j-Y 3 (9) 
C±5£*, Fi, Xi. *J:tfitt. -»5K (1) 



*5„ -T)S:t>%. TEHKaS (5) T?at$n5# 

<ym<t&V)Z* te-«5£ (6) T«stt*fl:£*£. 

W*tf, /1?5>*Afls£* fh7^ (h'J 

x^;U75» cD^ffiTTRJi&a-Br^ Chem. R 

ev. . 35. 2457 (1995) CE*0*tt*<M»C"r * - 

[0 2 0 0] 

(5) 
(6) 

MCtf-Mfc^* CflAtf. T^h^+T. (hU7x^7*7 
/17-/7A, t'7. (MJ7xZ^7:t77^ 

H^-h'JfA, R»**^-h'JCA, h'JX^TS 
» cD^ffiTTSJSa-a-^ [«*.«, Chem. Rev. . 9i, 245 
7 (1995) lrE«©7j&£##l'-r& £ £#-?#£>) - t 
K «t 9 SiSt - 5 3. t *«T # -5 . 
[0 2 0 2] 

(7) 

(F 3 ) n -X 2 (8) 

-SSSC (9) \Z$>^-Z. Y3«APy>li^5rSb. » 

*b<n, fkmm?* Bvmm^zn?, 

[0 2 0 6] 3itz. mWz. -KSC (6) *J:l^-«S 
(9) Tissn*^*^,' n-zr=?)W)=?V 

* ten? u --v-jussi t , s& £ tz\z*sm<D t* 

iO, — (1) ■V&2tlZ>lt'kV9(Do%. A\WW 
*£fctt*fi&<D7>h7-fc>-9, 10-7-f Jl'ST 



30 



50 



[0 2 0 7] *5BWlr«*ft^«Att, »^ir<fcD^ffl 
tt) t©*«ld*»J«bfc»T»Jfi*n*Ci:*«**. 

[0 2 0 8] *56W©W««*56** J PfCtt, 

[0 2 0 9] issa, *5fiWH«Sfl:^*A**«**563t 

[0210] ffl^^ 



«H2003-128651 (P2003-1 28651A) 



(78) 

153 

&< tt>-m*j*bTtt*t>oT**. m%m\z®.m-$- 

3{fc£&<DIEft&A:fc«fctfIE?L«5ji. «^A43J;tK« 

[021 1] f&xmiz8im~tz><t'&V!><DjEii&. 

«2IS*«ttXm-?aAtt2ia©P^©S5:i8^V^O 
[0 2 12] Sfc, E?l£AI£jtS, S^&AS£ii£Ji£ 

[0 2 13] #5BW©#««»fSa£*?-fc*5^T, *5B 20 
l;«TaAtl2li&#K^3;i£##*L<, IE7L&A 

[0 2 14] *369i©ff««#f63te*?fcSlrm;k * 

[0 2 15] *5§Hjro^m#^3t^««EKtLT 
te, 1$t;:[E5rf 3t><DTte:&<> 08;Ui, (A) fills/ 
IE?L&A«Sie/583teJI/»?&Atti£JI/l&«S^ 30 

(HI) . (B) IS®/IE?LaA«8ii2IB/fl!3teJf/BI« 
(02) , (C) IS/^3ti/«faAIS2I 

/fcss!*^ (03) , (d) mm/mytm/mmmm 

^ (0 4) SDtJfact**T!*4. S&fctt, fgftH£ 
*^&AtAiilJiTfc*i^;E3!<0* : FT?** (E) US 

/iE7LaA^it«/«^aA^^s/^^e/«^aA 
mmm/mmmm^- (05) t-rs^tfcT^s. 

ttonmffliz&mz-sfzmvm? (06) . <g) je?l 

»©*«IBC*fifS*fca!©* ; f- (0 7) , (H) %% 

nHDnmmztmttiz&n*? (0 8) 
[0216] *%w<nmmnRmftm7-\z&^T\-i. z 

**»s«»tfco-r?>ct*«T*4. -en-en© 50 



3tJBi:«^aAtti3l)itwrat, SBttrt^tW^flEAH 

[0 2 17] ±0#£L^W$«#feft^©«tJ&«- 
(A) SSR^P, (B) (C) (E) a 

(f) a*?, (G) ai*^*fctt (h) mm? 
T$>K>. s&k#*u<w:, (a) mm?, (b) a^ 
(o mm^. (f) shist-, s/tt* (h) mm=?- 

[0 2 18] ^fSWOWaim^Jfi^tL/Ttt, «*. 

«, (0i) tc^-r (a) B«/jE?LffiAifcaiJi/«* 
ji/m^ttAiis&Ji/Htiifflm^c^viTBiwr*. 

(01) Kcfci^T, lteSS* 2fifififfi. 3«iE?LffiA 

[0219] ^mcom^m^tM^\t, »fim$jts 
*kk, jua'-R. fe^ftis. 

[0 2 2 0] iffi2ibTH Jfc«Wtt»MBc©:fc*lr» 

[0 221] mmiz&m-rznmmmtisTte. mz. 
\t\ ^ *» n/^h. -yWK /i7->*^ 

A, /N'^-^^A, *>^7.:r>, KftM. Bt<fcli»» I 
TO H>^A-f>f>-tWH) . #U^*7 
x>, #U tfP— ;P5rW5;i<h#T#-5. dn&©« 

[0 2 2 2] nfftt. ^ne»©«ffi#)KS:fflViT, «A 

[0 2 2 3] ff*L<tt, IS 

SQ/DKT- «tD$f*b<tt, 5~5 0Q/ne^tC 

«fci>^, — tBt\Z. 5~1 0 0 0 nmgg, «t0»*b< 
tt, 10~5 0 0nmiSt:itn. 
[0 2 2 4] iETLa A^SIS 3 tt. HS*> ■=> ©IE?L (* 
-;P) ©aASr^St-r^^tg, i5«fc^ffiA^n^IE?L 



« 182003-128651 (P2003-1 2865 1 A> 



155 

[0225] jEn&xmmm\t, *%w\z&%fc£v>A 
u -N- M-)vi3)vnv-)vmmm 

[0 2 2 6] ft, I?L&A*3lflrtB«*rr*fl:£*ltt. 

[0 2 2 7] *56MJC*liTfflV»*ttOiE5LaX*liai« 
ffiSlrtifc^UiUTtt, hU7'J-.iy75>tfig# 

4, 4' -£7. (N-71-^-N- (4" 
-/f^7iZJH 75;) t'7xx;k 4, 4 ' -tf 
7. (N-7i^-N- (3" -^WirjW 75 
7] k"7x^, 4, 4' -t'7 [n-7xx;u-n- 

(3" -^h*y7iXJW 75 7] f7i'Jk 4, 
4* -k*7 (N-7i-f-N- (1" -7"7^;W 7 
= /) t?7xx;k 3, 3' -5?*3\n>-4, 4' -b* 
7. (N-7i^-N- (3" -^f;l/7iX;H 75 
/) f7i-;K 1, 1-tf* [4* - [N, 

(4" -/f;k7i^W 75 y] 7i^M ->^P^ 
9, 10-t*7, [N— (4' -/^7xr 
;U) -N- (4" -n-7"f;l'7iZJW 757) 7i 
-)->YV>. 3, 8-k*7 (N, N-y7x^7S 
y) - 6 -7i^7it> h U 4 -y^JW- 
N, N-fc?7 C4" , 4"'-t*7 [N* , N' -5? 

(4-^^71^) 75 y] k'7x-Jl'-4 — f 
;W 7Z'J>, N, N' — tfX [4- (y7x-;i'75 
y) 7xXJP) — N, N' -y7x-*-l, 3-^7 
2 7^>f>, N, NT -fX C4- (y7x^7; 
y ) 7i-iH — N, N' -y7xZ^- 1 , 4-y7 
5y^>if>, 5, 5" -k*7 C4- (k'7 [4-y^ 1 

75 y) 7x-JH -2, 2' : 5' , 
2" -?-W7xX 1, 3, 5-HJ7 (y7x- 
^75y) ^>-fe*>> 4, 4' . 4" -MJX (N-* 
h'J7x-Jl'75X 4, 4' , 4" - 
HJ7. [N— (3"'->Wx-;W -N-7x- 
;U75y] MJ7x^75>- 4, 4' , 4" -hU 
7 CN, N-b*7 (4"'-tert-^^K7x=;i'- 
4*"-'f;W) 757) hiJ7x-;i-75X 1, 3, 5 
-MJ7 [N— (4* - ->* 7 x 7 5 y 7 x Z-M - 
N-7xn;l/75 y) ^>if» . #ijfi7x>^<fc 

[0 2 2 8] #§SWr#£fl;£«3A<!:<fc©IE?l&Al&£t 

KdSfeS^W'^sfl^fJAcofij^te, «P*b<te, 
o. i~4 oma^efficiiiS'tSo 



/fly 

[0 2 2 9] fg?fcJi4te, IE?l33J:tfttTCD&A«IB6, 
[0 2 3 0] 583tJitt. *5filfl^**fl:^»A*J:tf/ 

&m%mteit&® c«*»i> )izfu>. 7>h 

7-fe>, fh7t>, k°l/>, ^)V>, 5"J ir>v x 
#->:?l/>, 3U^X f h77x-Jl'y7n'<>^y 
io x>, ^>^7xx;i.v:?a'\*+>-> ? x>, 9, 10- 
•/7x^7>h7t> 1 9, 10-b"7 (7x^H 
7>h7±>. 1. 4 -k'7 (9* -X^x;P 
7>hy±~)V) ^>i?>, 4, 4' -k*7 (9" -X 
fz;P7>b7t^) b'7xrjH . hU7U— )V7 

SfUfc CtflAtf, b'J7 (8-+7U7-H 7JW5X 
r)A. k*7 (10-A>'/[h]*7'J/7-b) ^UU 
<7A, 2- (2' -tFa + y7x-M "O*/*** 

20 »/-;KOM»tt» 2- (2' -tFn*y7x^W ^ 
>V , 5 1 7l/-JK75M& v *. 4-tKD+y77 l J-7>0 
S$B&, 3-tFD + y77^>?)lM. 5-th*D 
^y77^>W^ l J'J l 7A*> 5-tHP+y77*y 
CDT;U5X"7A«, 2-7xX;i/tf'J^>«)-f u-^^a 
ifi] , WJK>I!I# C«*tf* 1, 1, 4, 4-T- 
h77x^-l, 3-7^yXX 4, 4' -k'7 
(2, 2-y7x^H:-M k*7xx;k 4, 4* - 
k*7 C (1, 1, 2-b'J7x-W If-;W H7x 
x;k 7VJ>S^# fY'Jyl. 7V'J > 

30 6 , ?7iJ>7, 7-7'J>30, y7'J>106. 7V 
ij>l 38, 7VU>151, 7VJ>15 2, i7 7'J 
>153, i7V>J>3 0 7, 7V')y3 1 1, yV'J> 

3 14, 7VU>3 3 4, 7V'J>3 3 8, 7TU>3 

4 3, 7VJ>5 0 0) . [0!Atf, DC 
Ml, D CM 2 ) , ^-f* 

iy«yH) , so^rv-jmmit* 

J: tfu^jj-^x^i: #■€■©« 

40 *fic. #'j7xXU>:}3<fctR-©^I#, *U7W> 

#U7xXk>k*XU>*5=fctf^- 
Oftgff:. #'J k , 7x^y>fXl/>^i^gi 
^U^-7xXl^>t'Xl/>43«t^CD^#^, Jj? 

[0 2 3 1] *fgWOW«l«#f8^^l'*3.^Ttt, 56 

so [0232] *mji<Dm®mftf£%:m?K&^T\t, m 
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[0 2 3 3] #3BW::**fc£«A£«&<D563te*«IS*' 

#5ft^»AOll^tt, »*b<H. 0. 00 1~9 

9. 9-9 9ttX8ft, «fcO#*L<«, 0. 0 1~9 

9. 9 9a»%gac, S&C»*KI1 0. 1 ~9 
9. 9li%gSl:iat5. 

[0234] *mmz&^xm ^^>mo)%ytmm^-t > 

Atf. I. Appl. Phys. , £5, 3610 (1989) » #W5-2 14 
3 3 2^«lCC««)±5K:, ffiftJlSr^X 

[0 2 3 5] JMfimKflSfcfc^-ttAtt, *XHt^t 

*. * 
(Q) 3-A l 

(Q) 2-A l -O-L 
(SCI 3 . QteB&8-*7 ijy5-bEfi^S*U O 

(Q) 2 -A l -O-A 1 - (Q) 2 

[0 2 4 0] 3S3tttt*«**»#0*#«ibTH. 00 

mjx (8-^;'j;7-h) t;us-^a, n 

|JX (4-/fJI'-8-*>"J/5- h) 7^5- "7 
A> hUX U/7-h) 7^5 

X<7A, MJX (3, 4-WJl'-8-^'Jy7- 
h) y^Sr-^A, hUX (4, 5 -3?^^- 8-* 

T)VS.~OA, h'JX (4, 
;i/-8-*7U 7 7-M TJUS-^A* k'X (2-* 

^;i>-8-*7 U7 (7x75- b) r^sn 

-7A, h'X (2-^-8-*/'J/7-M (2- 
^7i/7-M 7Jl>5 = «7i», fX (2-*?^ 
-8-*/U/7-h) (3-/Wi/7-H 7 
;W5n>7A, fX (2-/5 L ;H8-*/ l Jy7-h) 
(4-7^;W7x7 v-h) 7)l/S-OA, fc*X (2- 

^f;p-8-*yuy7-H (2-7x^7x77 

-h) 7^5 --7 A. k'X (2-^-8-*/'Jy 
(3-7x^7x77- h) 7^3=9 A, 
h*7 (2-^f;l'-8- + ; i J7 7-h) (4-7i= 
^7x/7-h) 7;PS=>7A, fX (2-^^;W-8 
- + 7'jy7-b) (2, 3-^Wiy7-h) 
T^S^A, fX (2-^-8-*yU/7- 
h) (2, 6-7^^7x77-^) 7M=7A> 
fX (2-^f)l'-8-*/U7 7-h) (3, 4 -5? 
^f^7x77-h) 7Jl/5=vA, fX (2-*3-)V 
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yx hfk^t 



*X Mfc^tLT 



i CI 



* [0 2 3 6] *fS9iC«3fl:£«A& 

WIEO HUTU — JW73 7iS#T*5. 
[0 2 3 7] £<D«£. 3B7fcft««&JSiB#*fcli h 'J 

!iftb<H 0. 0 0 1~4 0lI%gK, <t*3ff 
$KH 0. 0 1~3 0ll%iS« 1#{;»*L< 
> tt, 0 l~2 0li%SSffflt^. 

[0 2 3 8] #«9ifc**fcfc#^£:WBr*S»tefi:*r 

8 -*y u 7 h&tiLf-zm-rzmyt&mmTii 

«#tl/Ttt, 0iJA«, -«5S (a) ~-«5S (c) T 
Sl£ft3^7WNi7;US n-7 A»#*#tf s z: 

#3. 



[0 2 3 9] 



(a) 



(b) 



★-^tJ-MSig: 6-24 0^k7jc^S€:*T) 
(c) 

-8-*7'J75-M (3. 5-7^7x/7t 
h) 7;VS=7A, fX (2-^f;P-8-*7'J77 
- h) (3, 5-i?-tert-^;l'7x7 7-h) 7;U 
5=>7A, fx (2-7f;H8-*7U/7-h) 
30 (2, 6-'77i^7i/7-M TJWSn^A, f 
X (2-/f*-8-*/'J/5-M (2, 4, 6- 
hU7i^7x/7-h) 7^3 A, fX (2- 
7fJH8-*7U77-h) (2, 4, 
^7i77-H 7)^ = ^A. fX (2-*7)V-8 
-^7'J7 7-h) (2, 4, 5, 6-Th7*?-)V7 
i77-h) 7JW3=<7A, fX (2-*^- 8-* 
7U77-H) (l-t7h7-h) 7^3:="7A, f 
X (2-7f^-8-*7U77-h) (2-t7h7 
-h) 7;^=7A, fX (2, 4-7^f)P-8-^ 
40 7 U7 7-N) (2-7x^7x77-M 7)l$ — 
■7A. fX (2, 4-77f)P-8- + 7 l J7 7-h) 
(3-7x^7x77-h) T;W5=«7A> fX 
(2, 4-i>*?)l- 8 -+7 U 7 V— H (4-7x 
^7x7 7-h) T;W5="7A, fX (2. 4->?7 
f^-8-*7'J7 7-h) (3, 5-'^^7i= 
jP7x77-h) 7;U3=>7A, fX (2, 4-v>*3=- 
;V-8-*7U7 7-h) (3, 5-v-tert-'7*^ 
7x^7x7 7-h) T^S=-7A. fX (2-75 1 
JH8-*7'J7 7-h) 7^5r:7A-M-t+7- 
50 fX (2-^fJI/-8-*7'J77-h) 7;W=-<7 
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A. fX (2, 4-/^fJH8-+yU/7-h) 7 
;kS-£A-M-#*V-t?7. (2, 4- 

-+y'jy7-h) 7;i/5x<7A. fx (2-^^- 
:**v-fx ( 2 -^f ^- 4 - if 8 y ; 

7-h) 7;U5X>7A, t*X (2-*5M,-4-*h* 

->-8-*yu;7-h) tjusx^a-m-^-^v- 

fX (2-^*-4-/b*5'-8-*/U/5- 
h) T^SZ^A, fX (2-^fJP-5->7y-8 

(2-^f*-5->xy-8-*/ | jy7-h) 7;v 

J=->7A. fX (2-^-5-MJ7;WD^f^ 

x (2 - ^fji'- 5 - h y 7Mn/f-;k- 8 y u 

J z>— h) 7;P5X^A£^f<5;i<h#T£3. #Jlw. 
[0 2 4 1] tfilAiIi5H, ^ffi^&(75«^©a 

[0242] m^&.xm^m\t. *mwizmz>fc&y>A 
&£&/iz.ft ttfftotf & a*$ smi z^-tzit&m 

<«Atf, C«Atf. HJX + 

TJUSn^A, fX (lO-^/lli]^ 
^U'J^A, 5-t Kn*-/7 7#>©^ 
IJIJ7A*, 5-tl J D+v'7 7#>07;i'5I9A 

s] . ■t^-^T'j-jvmmw 1. 3 -fx 

[5' - (4" -tert-X^Xx^W) -1' , 

3* , 4* -*+-y-> ? 7y-;u-2' --r;n 

» . MJ7',/-JMWM* C^JAti, 3- (4 1 -tert 
-7"f^7irjW -4.-7x^-5- (4" -Xx 
-Jl,Xx^;U) -1, 2, 4-HJ7V-JW . HJ7 

tf'J •77i^;>S«#> -KDM7 

[0243] m. m^aAaamttstf-rsfc^wi. 

[0 244] #5fi9i£«R*flS'&*lA£tt©«?&AI&ai 

o. i ~4 ossasestrias-r 

[0 2 4 5] #Sfi9iKi3^T, *5fi«fcfc*fl:£*A£ 
WE-KSC (a) - — 

[0 2 4 6] H6tHH Jfctt«tt*W*©/hSV» 

[0247] mmiz&m-r2>nm<ton£VT\*. mz. 
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it. Uf^A, 'Jf9A--f>^ l 7A^. ^h'JX 
A, ^-NU^A-73'J^A^^ #;lo"7A. Vi/*-> 
>7A. T^->-7A-«^, 7^v9A-' f >v?«7 
A^&, -f>S^A, JVt-VJ** f?-9A, V># 
>. <yMJ9A, 7;USX"7A, X^SlfA-'Jf 
<7A^&, 7^5^'7A-7JJ1/->'7A^^, 7^ = -«7 
A-VX^v^A^. X^Xr-f MMUMttf*;:.!: 

io [0 2 4 8] Igffiti. ^n?)CD*ffi!K)M$rffl^T, ^* 
?5XX — f ^->f-A^i*C07jft{rJ; 

[0 2 4 9] ffi, ^@©->-h«^S6ili. 
5tiftfOttftCfeJ:5^ -IRC. 5-1 0 0 On 

20 -rs. 

[0250] isa, ^rwmifjB^^oSB****** < * 

[0 2 5 1] £7c, *%HJ©W««^7t^l:*3^T 

«. *-©4>&< -i«i7i>ft- 

[0 2 5 2] -Mli7l>ft-iltH 
so ^-f 3 eUAfcf, ;UXV>, --;irM 

#\ >J7ilWV / <> , /77>i s Pf 6>tl» 

[0 2 5 3] -M«**X>f 1 ir--a*&#S*lTV>3 

tt. IE?L&A*S!j£JlT*&3o ft. iETLttAftji 
PC-»S^X>5 l + -S^S1t-5«^ IE?L&At65 
SUfWriS— fw^#$-&Tfc«fc<, IE?L£A*lj£/I<tl8 

grsji («Atf, ssftJi. »#««**"*-**f&a 
40 mmm) <Dmm\z^m^xh^. 

[0 2 5 4] -m«iE^^X>^^-©#*»«i:LT 

n» ^wsnss iEaaA^iii) €riifie-r 

S£#»©0. 01-5011%. »*t<ti o. 0 
5~3 0li%, £K)1tf&V<\t, 0. l~201i% 

[0 2 5 5] iETLaA^MS. f83tS, S^ftAlSSIW 



»5 Ba 2003-1 28651 (P2003-1 28651 A) 



(82) 

161 

[0256] m&mmmzxQ, 

1 0-4paggtf5*£TT. 5 0-6 0 Otgg^-h 

&& . -50-30 o < ceac©a«ias 

T, 0. 0 0 5 — 5 0 nm/secSSco^*jiST*SS 
[0 2 5 7] IE7LaA«Jji«, SB^S. *F 

[0258] m&mmmz&K). lEH&x^mm. %9t 

[0 2 5 9] »«Ea*ftlcJ:0, #H£^fi£-r£i§£. 
#JP£^J6£T$J&fr&5^f4^©i£#i:AM' 

[0 2 6 0] iETLaX^jt*, «^&A*£ii£Ji 20 

>, tfUXTWk #'J->p*-*>. jPU^^T^'J 
U*-#*-K -#U73 H, #>M5F, #U75I* 
l/>^-+-*J--f b\ #iJI-fJl'X;l'7*>. #>J7=y 
fit, jtfu^xxw^^l/' ^'J7 

>y-*Mtt. JMre«yBbTt>J:<. ttft 

#ffflbT*>«fc^. 
[0 2 6 1 ] *«Sfe*i*KJ:D, *i*»*f5«^. 

;vx>, x^;K>-t?>, i-/^;^7^ 

u>&£©fiMt****». r-feh>. *^;i/x^;nr 
h>, /fMV7*fj^hx -^p^-y-y 
o-?-h>^^J«. iSt>un*?>, ?pp*;kk, fh « 

7i?PD/?>, -7i7POI^>. hU^7PDX^>, 

>, £pp wi,x>te£©AP^>fc^te**^J§^ 
yp/iy-;k 

uy)V?, ifMn7^7, x5 L l/>i? r| JP-^i: 
©7;WP-;U*ig&, v^^l/X-^k f h7tKa 

tt. N, N-y^f^A75F, N, N-^*^ so 



[0 2 6 2] ft. »St-r^7j&<t:LTti. WcRjT*-* 

[0263] m^oymmzmvxit, w;:i8jrr**> 

14. 0. l~5 0li%SS> $?£b<l4, 1-3 OS 

[0 2 6 4] rti>?-ffimz8im?z>%&, ^© 
®.mm\zm\sX\L »c«!R-r*t)©TttAv»««. -** 

tCH, &Jl£Pfirf3fi£#-f;:*fbT (-JiS©^*^ 
(St^»^l:lt &^©«ll:*tLt) , 5-9 9. 
91i%SS, $?£b<t4> 10-9 9. 9S»%g 

±o»*b<tt» 1 5-9 oMaxaflEfcRsrr 

[0 2 6 5] lETL&AH&Jf , m^ttAttSIS 

fc, 5 nm~ 5 MnigSI:Stt 5 i iAW * L^. 
[0 2 6 6] f^S3b7c^(3*fb, &3t^7K#£© 

«si!£BSib-t3@ttT. «as (ititJi) *«»fct), 

*-r;k 7;k*p#-#>?s. -M-^-r h-^^i^p 

cm a bxfiurr § c t 

[0 2 6 7] ««JiKttffl-r**ro£bTtt, 

tfttMs^tm 7vm<t®m* x#*->«f 

^U>, #Ul7fJK .#U*— #*— h» #U75 
h\ #'J-Y5H, #U75 K'f 5 K> # «J A 5- * -> U 
>, *Ulfl/>. ^iJ7i-l/>*^ K) . Si* 
^ («»J^«, ^-fir^^K^lS. 7^7 7 7-/^ 

[0 2 6 8] Sfc, «ffifC«SI«ibT. #S 

[0 2 6 9] ^ffico«®tr. ^J^.«. W 

P->7x>fjf3i#*£fi£5#Bni SrKtt^^ 
[0 2 7 0] ££>H, «*tf, »«»4-f-«)*ffi 
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[0 2 7 1] *56WO*««*5fi3t* : Ftt, — * 
fc£©/1y>/7B»a!T»oTfcJ:-<, TFT WIN 
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K*#-#T : m/ z = 8 7 6 
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5 4 


1 0 


2 3 4 0 


5 5 


mxw i i 


2 4 4 0 


5 4 


imi 2 


2 3 8 0 


5 4 


IS*£W 1 3 


2 3 6 0 


5 5 


^JS« 1 4 


2 3 2 0 


5 4 


£JSW 1 5 


2 3 6 0 


5 3 


MUM I 6 


2 4 4 0 


5 6 


^SJS« 1 7 


2 3 4 0 


5 6 


1 8 


2 3 3 0 


5 5 


HifeW i 9 


2 3 8 0 


5 4 


&*km 2 o 


2 3 8 0 


5 4 


£Jfcft!2 1 


2 3 5 0 


5 6 


^J2 2 


2 4 4 0 


5 4 


«W2 3 


2 4 10 


5 3 


$IM2 4 


2 3 S 0 


5 5 


31*603 2 5 


2 5 10 


5 5 



[0 2 8 7] 
[*6] 
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mm 






(c d/m2) 


(m A/ c m2> 


2 6 

MB 1*1 W 


2 3 4 0 


5 6 




2 3 8 0 


5 5 


^ AO ** ° 


2 5 0 0 


5 6 




2 3 6 0 


5 5 


:3c 17? O V 


2 3 7 0 


5 4 




2 3 2 0 


5 4 


-tft /a( o o 


9 ^ 4 0 

& O "* V 


5 4 




9 ^ fi n 

^ 0 0 u 


5 6 




2 3 3 0 


5 5 




9 <l 7 ft 


5 4 


5*c «£b rll o o 


9 ^ a n 

£ O O V 


S S 
0 %j 


^ 4SH "5 7 


0 4 c n 

f± D V 


"54 


^ Jstfy O O 


9 ^ 4 n 

Z 0 ft U 


4 




9 ^ ft n 

<c. 3 O U 




5^ JMPI f* V 


9 3 4 ft 

6 J *J V 


5 4 




O A "\ f\ 
& H I U 






0 q d n 
£ O 0 w 


5 5 




9 ^ r n 

£ 0 0 u 


5 5 


^Jgfli 4 4 


2 4 2 0 


b 4 


5 


2 4 10 


5 3 


mmm* e 


2 3 5 0 


5 5 


mmm4 i 


2 3 4 0 


5 6 


nnm4 s 


2 3 2 0 


5 5 




2 3 3 0 


5 6 



[0 2 8 8] 
»7] 

*3g 





19ft 


«tt«ft 




(c d/m2) 


(ra A/c bo2) 


ft*e*5 0 


2 3 9 0 


5 5 


jt«« 1 


117 0 


8 2 


2 


15 5 0 


7 4 



[0 2 8 9] HJS««J5 1 

0 0 nmCD I TOifll (US) €r*r*^f9 
ZMRfc. tttflcSI, 7tfX X*/-J|/£ffiV>Ti@ 



& 2003-1 28651 (P2003-1 28651 A) 



175 

t, \Tommmm±.\z, 4, 4' , 4" - hjx cn 

- (3"'-^f;P7i-JW -N-7X-J1757] h 
U7xrjl/75>^fMO. Inm/secT* 5 0 

X\ 4, 4' , -fcfT. (N-7z^-N- (1" —f 

fb£^£. JI&£^#Iu&^ ItaSO. 2nm/se 
cT2 Onm<Djf£ti#Jgl# (BftJt 1 0 0 : 5. 0) 

T. ^<D±K, b'jX (8-*;uy7-h) t;ps- 
«7A2\ 3&*iigO. 2 nm/secT5 0 nm(Di?$tC 

*y7AtI<&, ?£#j§gO. 2 nm/secT2 0 0 n 
m©J¥Str*^» 0:1) LTiiiL, * 

5, 6 1 mA/cminmmmtirz. mm 2 5 8 0 c d 

[0290] mmm 52-100 
mmms 1 ns^x, ^m^mmzmvx. m^it-s 

a- 9 Mk&to mmm5 2) . ey^b^s^A- 1 
o<Bits® mmms z) . 03^b-&#>#^A- 13© 
(mmm5 4) . ^<b^#^A-2 i©*b£- 
4& (Hi6^5 5) , 0ij^b^%#^B- imt^m m 

8605 5 6) . m^it^^B- e<D{t^ (H*6#I5 

7) , m^ik&vo&n b - 9 <D<t€><&) mmm5 8) . 
mTjiit-tvo&^c- 1 (Dit&vo (*js^J5 9) , m^<t 

^C-l KDit^m (HJS^J6 1) . tfl^b^S^C 

-i3©t^ (*M{«i6 2) , m^itsm&^c- 4 

(*ss^j6 4) , m^t^mm^D- 1 4cmt&m 
(His^j6 5) , wi^b^#^E- KDits® (mm 

M6 6) . W*{k-n-^)##E - 6 c7Mb-&#) (^#16 

7) , 0J^fb£tl#^E-2 1 <D^m (*]&6#I6 

8) . #]^b£#>3HtF- 1 ©ft^t) (HJ&S01I6 9) . 

#i^b£-ti#^F- 5<Dit&y> &mmi 0) , eu^b 

£#3#*§F-1 5©fc£tt (HJ&S0II7 1) , MTKit&V) 
S^G-3(D{b^ (SW601J7 2) . ^J^t^#^G 

- 7 (Dfc&m (mmmT z) , w«ft;^**tG-9o 
mmm 4) , fl^»WH-i©ft6* 

(SlSStfiJ 7 5), «jjMfc£«#* I - 3 (Stt 

^tj 7 6) . ^{b-a-^s^t 1 - 4 extern (mt&m 1 
7 ) . «*<fc£*#<» 1 - 5 (Dits® mmm 7 8), 
#y^b£#>#^ j - 1 ©fb£i& xmmm 79). c»j*<b 
$mwj-5oft&« (*ss^J8 0) , m^it^m 

5«)^«l (*560J8 2) . «SMt£1MraK-6©fl; 
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£03 (*]6I^J8 3) . WSffr&IMMJK- 8 (Ditte® 

0iJ8 5) . WjMfe£«##L- 6 (HSS0J8 
6) . «aj^{b^r#J#^M- 1 (*SS«ai8 7) , 

«aj^b^#^M- 8©{b^-ti (*JS^8 8) . «a*<fc; 
^#)#^M-9<D{b-&«5 (*iS^J8 9) . MmiktiVom 
^N-6CD{b^#) (*«S^9 0) , «*ft'&*#*N- 
1 3 (Dfc&m (*JS^J9 1) ,-«*{b-&*#^0-10 

(nss«i9 2) . m^it^m^o- 4<Dit^ 

10 (SIJt^9 3) » HSfttWWO- 7<Dft:iH3 (*SS 

^19 4) . 1 ©*b£% (*«g^9 

5) . «*ft^*#<»P-2©'fl:^« (HSS0II9 6) . 
fS*{t^**#P- 5<0<b^#l (H*6#I9 7) . C«J*<b 

^wp- 9©<b-&^ (*i£0J9 8) > m^it^m 

^Q - 2 cD-fbo'^J (^1«9 9) . ««J^b-&^#^Q- 
6(D{b^% (&3ttfll0 0) Sffiffi LfcHfttt. USS^I 
5 lKE«©5ErftKJ:Oir«ll«*5B3te* : T i *ff«L'fe. 

tn^nroift:, K»»H*T» l 5 v<DifiSiJ«££ 

20 SK-troWttSH"*, (»4«) (*8~^9) 

tO 2 9 1] 
C*8] 
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177 

S4g 











(c d/m2) 


(mA/cm2) 


5 2 


2 4 8 0 


5 5 


££09 5 3 


2 5 2 0 


5 7 


£*$15 4 


2 4 8 0 


5 4 


%mw 5 5 


2 4 5 0 


5 6 


5 6 


2 4 7 0 


5 4 


£J6«5 7 


2 6 4 0 


5 4 


£J6tt 5 8 


2 6 3 0 


5 6 


iiW5 9 


2 5 8 0 


5 7 1 


££00 6 0 


2 5 3 0 


5 5 


££016 1 


2 5 2 0 


5 4 


£»0&6 2 


2 5 4 0 


5 5 


£1*05 6 3 


2 5 9 0 


5 7 


£JS0lJ6 4 


2 4 8 0 


5 7 


^«W6 5 


2 6 2 0 


5 5 


^J60H 6 6 


2 6 2 0 


5 4 


nt&M6 7 


2 6 10 


5 4 


mmme 8 


2 5 7 0 


5 6 


£Jfe0*6 9 


2 5 5 0 


5 5 


££0*1 7 0 


2 5 8 0 


5 6 


£*£0i7 i 


2 4 9 0 


5 6 




2 5 5 0 


5 4 


£JS0»i 7 3 


2 6 4 0 


6 3 


mmw7 4 


2 4 7 0 


5 5 


£fcfc!7 5 


2 4 5 0 


5 6 



[0 2 9 2] 
C*9] 



40 



178 





£43* 






K& 






<c d/m2J 


(mA/ c m2) 


££917 6 


2 6 10 


5 7 


£IK01 7 7 


2 4 6 0 


5 4 


aei&H 7 8 


2 5 2 0 


5 7 


HJfi« 7 9 


2 4 6 0 


5 7 


£;K a 0tf 8 0 


2 5 4 0 


5 4 


£*50i 8 1 


2 5 9 0 


5 6 


£JS03 8 2 


2 5 8 0 


5 7 


£2605 8 3 


2 5 2 0 


5 5 


^gjgft 8 4 


2 4 9 0 


5 5 


I£lff0if 8 5 


2 6 2 0 


5 4 


£i£ffl 8 6 


2 5 10 


5 5 


£JSM 8 7 


2 6 0 0 


5 4 


3life0U 8 8 


2 6 3 0 


5 6 


£*£« 8 9 


2 5 5 0 


5 6 


£J60« 9 0 


2 6 4 0 


6 3 


£16011 9 1 


2 4 7 0 


5 5 


£2601 9 2 


2 5 5 0 


5 6 


££604 9 3 


2 6 2 0 


5 7 


£2604 9 4 


2 6 10 


5 8 


5f 9 5 


o c t r\ 


i> o 


$M9 6 


2 5 5 0 


5 5 


£»«9 7 


2 6 7 0 


5 5 


£*«9 8 


2 5 7 0 


5 6 


£fc09 9 9 


2 4 8 0 


5 4 


£JfcMl 0 0 


2 6 10 


5 8 


[0293] m 


ttffl 1 0 1 



JPS 2 0 0 nmO I TOjg^mffi (US) 5:^-5*7 
«t>tt*ffl, 7-feh>, y-;nfejBi>T« 

KBfcUfc*. 4x l 0-4paKMffibJt„ * 

T. I TOSWI±l:> 4, 4' -k*X (N-7x^ 
;U-N- (3" -/f^7x^M 75 7] k'7i^ 
2 nm/secT7 5nm<DJ¥SH&£F 

£«J<£, 2&»i£S0. 2 nm/sec 

T5 0nm©J*SK:#** (SfiJt 1 0 0 : 1 . 0) 

h) 7JI/5^9AS, ^»iig0. 2nra/sec-C5 0 
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<D±C. M*jSSO. 2nm/se 

cT2 0 0 nm0Vgl:^li (littlO : 1) LT 

Jntfci:^5, 5 4mA/cm2<D«at^nfc:o 

4 2 0 c d/m2<Dnm&v>mftt>m&znrz, 
[0294] mmmi o 2 

usiey 1 0 1 \z&^x. %ytm<Dm&Lizm>x. t*x 10 

(2-^-8-*yU;5-h) (4-7i-il'7 

£ffiffl-r&ftfctHr, fx (2-*^;u-8-*/ uy 
-s-^yjy^-H r^s^Attfii^t^Wt 

A- 2 1 (Dft.'&m&m^T. 5 0nmOf$l:*If 
(MMJtl 00:2. 0) U ^etbfc^H, * 
SS«»J1 0 1 tr|5«©^tj;D*««#^^^S 

vtz. ftmvitmmnRmytmTiz, g^amr. 1 

2V(Ditdit*J£&SlJnUfci:^5, 5 6 mA/cm2(Df! 20 
Sit^iignfCo SS2 3 7 0 C d/m2<D#^feC05!^ 

[0 2 9 5] HSS0t.ll 0 3 
mffiMl 0 1 tCiSl^T, 5l3l£HW»^lw^L,T, 
(2-/f^-8-+y'jy7-h) (4-7i^7 

xy^-h) T;W5n^Ai{»l^b-&tiA- 5©{b^ 

(4-7x^7i/7-M r;U5r:^A<i: 
^J^t-^tlS^B- l£Kt;£#l€rffl^T, 5 0 nmCDJP 

(MJtlOO : 1. 0) U ^StLfc 30 

^^^iibfco w^vtz^m.n^%mi-\z. namm- 

B^T, 1 2 VCDE8itl|JE$rSllinLfc(i:C:5, 5 6mA 
/cmL<nnmm*i.tz* Hg24 2 0c d/m2<DWi^fi 

[0296] mmm 1 0 4 

SIJS^Jl 0 1 ir*3V^T, RKmoW^zUXsT. fX 
(2-^^-8-4/U/7-h) (4-7x^7 

£ffflt5ftb0l:« HJX (8-*/'jy7-M 7 40 

5 0 nm<DmZ\z&MM <m»Jt 1 0 0 : 3. 0)U 
fg^tLfc^li, IftSSm 0 1 IIfB«W^(Ict0 

*^«^^^*^sabAc. ftmhtzmmnR%xm 

?\Z. f£&f?B^T> 1 2 V<D\^mM^^nL-tzizZ. 
5, 5 5mA/cm2<73«Sit*«nfe. «S2 3 7 0 cd 

/mZ<Dnm&<Df£X.t)m®-£fttz<, 
[0297] mmmi o 5 

mmmi 0 1 nis^x. fEft«©^fi£Ki&LT, fx 

(2-/fJl/-8-*; , jy7-h) (4-7x^7 so 



*@.m-tZ>ttt)K)\Z, HJX (8-*/'JV5-h) 7 

- >7 A i^J^C'&^S^D - 1 ©ft£#l£ffl ^T, 
5 0 nra©ISC*If («»J£ 1 0 0:6. 0) U 

fgftJf #U&6ta|l 0 1 \zum<D-%mz&*) 

GmnRftytm?&tf?&vfz. <^sufct«i«#M^ 

^\Z, f£*&SH^T. 1 2 V©itdit«ffiS:BlJPbfei:3: 
5. 5 4mA/cBi2(D«flit^nfc. »S2 3 6 0 c d 
/m2ro#i^fe<D%7t^lt^$nfc. 

[0298] mmm 1 0 6 

*Jg0ll 0 l\Z&^T, ¥Zftm<DMtfLlZteLT, fX 

(2-y3MU-8-*y uy^-h) (4-7iz;i-7 

x; 7 -M 7^S A A - 5 ©ft&^l 

£&ffl-r-5ttfc0tc. fx (2-y^;i/-8-^y yy 

9-h> 7M-^A-/i-^V-t'X (2-y^;i/ 
_ 8 _4:y ijy^_h) 7;i'5^?Ai:«ll^«l#§ 
E- 1 (Dit&W&m^T. 5 0nmO)ISII*It (M 
*tfcl 00:2. 0) 5gftJf£Lfc£UI-W:> ^S6««J 
1 0 1 (rf5ic<D^ffitrJ;0*fil«#5g^^^S5l' 

fco ft®i>rzmmmftmytm?iz, ^jssh^t, i 2 

V(DEliit«ffiS:9'UnL^:<»:^5> 5 4mA/cm2<DS«t 
*tgitnfeo W«2 4 5 0 c d /mt(DliM&<Dmyt&& 

misntz. 

[0 2 9 9] mMW 107 

1 0 1H43^T, fgftBcD^KI&bT, fX 

(2-y^;p-8-^y uy^-h) (4-71^7 

^ffl-T'S^DtC, HJX (8-*yjy7-N) 7 
^S-^AttaJ^fc^S^F- 1 (DittettZm^X. 
5 0 nm©*£K#^«f (m«tt 1 0 0:10.0) 

u ^mizvrz&,n\t, mmmi o icib*©^^ 
ft*^, i 2v<DW.mmi£ZWi]aLtz 

5 5mA/cm2(D«dit^aStXfe. S3? 2 4 2 0 
c d/m2<D#ifife©§S3£#5iIg£ft£:o 
[0 3 0 0] #U60»J 1 0 8 

mmmi o nza^x, %9tm<ommznvx, fx 

(2-yf^-8-+yjy7-h) (4-Xx^;W7 

X ;7-H T;usn^Atfia|^t:-&^A- 5tf>ft;^j 
Z&m-rZ>RfrK)\Z> fX (2, 4-y^-8- + 
yjy^-h) 7Jl'S- l 7A-U-t+V-k'7 (2, 
4-vy?Ml/-8-+y iJ/7-h) 7;l/5->>Ai:^ 
^fc£tl#^G- 3 £fflV>T, 5 0nmffll$ 

\z#mm cmstfci oo: 1. o) u Dtiibfctt 
sissey i o i \zmM<Djjmz & <ommn&&Km 
^srf^sabfco ft&vizmmm&f£yt%?iz, ft®#H 

^T. 1 2 VnUmmfcZWIn^lzt^*,, 5 6mA/ 

cvfionmmnrz. 012410c d/m2<Dw^ecD 
mmmmztifz. 
[0301] mmmi 0 9 
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nmwi o ihs^t, %ytm<DMmz®LT. ex 
7;w=--i7A- w-^v-t'7 (2-^^;w 

H- 1 ©fc^Srffl^T. 5Onm©0$l:*It (fi 
»tfcl 00:2. 0) U 5BfeHibfc£A*Mi. 
10 1 tC*©*tfefcJ:0*««W563t* : f-*fPB-t' 
fc. flsRbfcffaMWMfi**^ «*»B«T, 1 2 
VOW.ffim&ZfiHMVtztZZ. 5 3 mA/cm2cD«^t 
Ji»*nfc. ME 2.3 5 0 c d/m2oW»ft«)***«lt 

[0 3 0 2] fHS&0iJ 1 1 0 
*Bm0 1fc*HT, 5S3fcB©#*KKbT, ex 
(2-^f^-8-4yU7 7-H (4-7x^7 

Z&m-fZRfr'OlZ. b*X (2, 4-5?^^JP-8-'* 
yiJ/7-h) 7JPS-^A-jtt-**V-t*7. (2, 
4-y^f^-8- + /'J/7-h) TJl'Sr^itfil 
Sfc£tt#*I-3©fl2fc**fliV>T, 5 0nm©i*S 
fw*3K# (m»ttl 0 0:4. 0) U fgftBtbfcgA 
Mi, %B0U 0 1 £|B*©:5fcC«fc0*WWMHte* 

§UF, 1 2 V©H8iE«ffi*91tt]bfct3.^. 5 4mA/ 
cmZnnmtimWt. H&.2 3 6 0 c d/m2cDtir#ficD 
5£3foW«BSnfco 

[0303] mmmi 1 1 

XBfll 0 l£*lrv-c. %%M(D^\zUhX. ex 
(2-^f*-8-*y'jy5-M (4-71-^7 

^fffltsftfcDi:, hjx 7 

^3-9A£«*ffc£«## J - 1 <^T, 
5 0 nm<DJP£C#s£* (fiftit 1 0 0 : 3. 0) U 
5H£IfcbfcMtt. ^SS0U 1 0 lfcB*©#i*fc.k?> 

ft, ftj»«H»T. 1 2 VOBSfltEESBHllLfcti: 
3, 5 6mA/cBZ©«»**«Eilfc. WS2 4 4 0 c d 

[0304] mm* 1 1 2 

SatfllOlcm, 56*l©»i«irlBLT, ex 
(2-^fJH8-^yU/7-h) U-Xx^? 
x; 7 -M 7;WS— ^AtflaRft^lfA- 5<D4t&V>> 
S«It5ftt)0II, HJX (8-*/'J/5-h) 7 

5 0 nm<DJ»^lr*^» (SSJtl 0 0:6. 0) b, 

i-\z, ^.mnm%T. 1 2 v<D\a.mns.^uahfttz. 

3, 5 7mA/cB2©«»**flltlfc. WS2 3 9 0 cd 
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/m2® Kf »6©ffi3te**«tBS ftfc. 

[0 3 0 5] SISS^J 1 1 3 
fS2 0 0nm©I TOjgBJ§«® (US) SWT 5#7 

KHjei/fca. im$4x 1 o-4paK«i£bfc. * 

1". ITOaW««±C 4, 4' , 4" — h U X [N 
- (3"' -/fjk7xZJW -N-7x^757] 
10 h>J7x^75>JltaS0. lnm/secT3 0 
nm©ffSfc**U »-IE?U£ABiaB£bfc. JfcH 
T, -S-<D±lr, 4, 4' -t'X (N-7i^-N- 

(3" ->f^7xr;W 73/] eXx^Pfc, MM 
m&0. 2 nm/secT4 5 nm<DJ?$ tdsg#U fh— 
IE?L&Ai$MJi<hb£:. *lr»T. *-<D±H. ex (2- 

^f;H8-+yj/7-h) (4-7x-;i/7i/'7 

AftSft*S*>5. ^»iiS0. 2nm/secT5 
0nm(Dm2lZ&Mm (»»ltl00:2. 0) U % 

20 ytmtvtzo #.\z, hjx (8-*;'J/7-m 7;w 

3- ^A$> ^»ii*0. 2nm/sect5 0nm©JI 

skb*u «TaAnmeibfc. £sk*-<d±k. 

vn->7AtiS< ^»^S0. 2nm/secT2 0 
0 nm©Jf£tC#H» («»itl 0:1) bTl&ffii 

u w^«^7t^<&^©bfco ft, mmts 

Xm^lZ, ft**H«T, 1 2V©«8K«JEE£EPDnbfc 
t^, 5 5mA/cm2<D«^*^nfc. MA 2 7 6 0 

so [0306] mmm 1 1 4 

1 3fc*5^T, 583fcB©»J«K:lRbT,- ex 
(2-^-8-*/'J/?-H (4-7x^7 
x/7-b) 7;i'S- 1 7AiMSfk^A- 5©ft^* 
fcttfflTSftfeOK. ex (2, 4 -5?^^- 8-* 
yiJ/7- M 7;i'5-'7A-//-^y-fX (2, 

4- ^*-8-*yjy?-H 7^3 
*fb^#^B- 6©{b^«SfflV»T» 5 0nm(OSS 
t:*^» (liltlOO : 1. 0) U MiUfcH 
Mi. mmWl 1 3fcE«©*atr«ti3W«l«#f6^ 

40 ^^^sb^c. w&isitummnftytmtt* &mnm 

IT, 1 2 V(Ditat«ffiS:BlS0b^tC:5, 53mA/ 
cm2©«««**nfc. BS2 5 8 0 C d/m2©W«ife© 

[0307] nmmi is 

mmmi 1 3c*v»t, m^tmommz^hx, ex 

(2-/?)l'-8-*7 , J>'7-M (4-7x^7 

sttia-rafttoon. ex (2-^-8-*7u; 

T;P3--?A-M-^V-fX (2-/^;w 
50 -8-+7U/7-H 7J1/3 —^J^tm^it^^ 
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C- 1 1 (Dik-SyoZm^T, 5 0 nm<DJS2l:i#^*f 
(fi»Jtl 00:3. 0) U ^IttfcttWl ^ 

bfc. ft&Ltzmmn&mftm?iz, &is£^b§ct, 1 
mt>mnrz. mg.2 6 2 0 c d/m2©#«ife(Df6^ 

[0 3 0 8] USSfll 1 1 6 

mmmi 1 3^*5^t, %%m<DM\z^\,x, fx 

(2-^^-8-^/ 'J7 7— h) (4-7x^7 

£®ffl-r3ttfrD^ h'JX (8-*/'jy7-h) 7 
jUS-^At^ft-S-^S^D- 1 4co{t:"&#)£ffl^ 
T. 5 0nm<B*Sfc#** (**tb 1 0 0 : 2 . 0) 
U 5HfcHibfc£JtfW±, fft!i6#ll 1 3 KfB«©7ji£K 

ytm^iz, %Lmm®iz.T> 1 2 vofcaMffiSBunbfc 

5 4mA/cm2©«^cSnfc= ®SE2 44 0 
[0 3 0 9] '316011 1 7 

g|S60iJl 1 3(l43ViT, %ytm<w&&t\z&VT, fX 
(2 - y^ju- 8-*;uy7-h) u-^xn^x 

7;P = ^^A-M-**V-h*7. (2-y^P 
E- 6 £ffll^T, 5 0nmfflf3l:^lf (1 

juti o o : 4. o) u f&ytmtvitskwz* nmm 

1 1 3tCfa«<7>73&C£9W$«#%^i^£^3Sb 
fc. f^iJbfc^m^^^^. &&f?B^T, 1 2 
V(DSjSt«ffi£BJ})I]l<*:<h;i;5> 5 7mA/cm2(Z)«cfit 

a**nfc. BS2 5 6 0 C d/m^<omm^(D%%i)m 
[0310] mmm 1 1 8 

mm&\ l l 3 friJt^T, !RS#fI©IW~l&bT, fx 
(2 -y^;w- 8 -+y u y ?- M (4-7i-^7 

&mm-?z>Kti'o\z. nut. (s-^y'jy^-h) 7 

5 Onm(Dj?StC^» (M»tt 1 0 0 : 2. 0) b. 
fgftStbfc&Wi, *JS0U 1 3KiB*©7jffiK=fcD 

5, 5 6mA/cm2<D«Siia«:n;fc„ »£2 5 6 0 c d 

[0311] mmm 1 1 9 

gU&S0U 1 3Ki3Wr, f§ftl©0fi£lr|SgbT> fX 
(2-^-8-*yj;7-h) (4-7x^7 

z&m-rzftfrviz. fx (2, 4->?y^-8-^ 



*ft^*#<t'K- 8<£>{fc£tl£ffi^T, 5 0 nm(DJ¥£ 
(Mtbl 0 0:2. 0) U fg^gtbfcW 

fTF. 1 2 V<DifiSil«JxS:WlrabfctC:^, 5 5mA/ 
cnL<Dnm<MWZ* »S2 5 7 0 c d/m2<D#«tfi<D 

io [0312] mmm 1 2 0 

mmmi 1 3tc*3v^Tv ^ecD^icisbT, fx 

(2-^-8-*yU^7-h) (4-7i^7 

£&ffl-f5ftfcDfc:, fx (2, 4--^y^;!/-8-^ 
;ij;7- h) 77W5- "^A-M-^V-f X (2, 
4-y/f*-8-*y"J/7-h) 7;U5-^At^J 

(Mifcl 0 0:3. 0) b, ^Sibfc^ 

1 2 V<DW.ffin&$:?P1SaVtzi:Z.?>, 5 7mA/ 
cn2©««35«*n/t. IWS2 6 3 0 c d/m2(D#^(D 

[0 3 13] HSi^Jl 2 1 
iS2 0 0nmff)ITOlllJiI (US) £*TT5#7 
xS«£, fttttJB, 7-feh>, x^y-;i/£fflwr@ 

Wi£ft#bfco -?-<£>S«£gii§#X£ffl^Ti£«SU $ 

e,^uv/^-v>i5fe#b^^ x*ttBo>s*uM'*'- 

fcHSbfcfc. S4X l 0-4PatcMffib£. * 

so -T, ITOIMflil:, 4, 4' -t'X (N-7i— 
)V-N- (3" -^^UXxXJU) 757) f7i-JP 

2 nm/secT7 5 nmtf>J¥£i:i^* 
U sEH&Xm&mth^ -€-<D±K> fX 

(2-^^-8-^7 (4-71-^7 

it&tfa*> mtzzmmm^. mmmmo. 2 nm/se 

cT5 0nmOffSl:*«f (S»Jtl00:2. 0) 
U 363tJitbfc. ^l*. 1, 3 -fX [5' - (4" 
-tert-^JP7xn;P) - l' , 3' , 4' 
40 y77-;i'-2' —iM ^>M>** ^»iiS0. 2 
nm/seCC5 0 nm<7)JP^lCil*b, «^AftfilS 

a?0. 2 nm/secT2 0 0 nmCDJP^lC^mf (fi* 
tfcl 0 : 1) bTISffitb. W«S«^58^^^^»b 
fc„ Itt. ^#«<DMl£^S8S:«^fc***Jlb 
fc. ^Sbfe#««lffg3te^f3, f£«^H^T, 1 2 
V©iSfiit«BE^Blljnbjti:C15, 5 5mA/cm2cc»mflit 
**«nfc. SS2 3 6 0 C d/m2<Dff^fe(D^7it$g 

so [0 3 1 4] ^EttMl 2 2 
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HiSCSJl 2 1C*HT, 58^11 ©J^fiScKISbT, 

'J J V— h) (4-7i-^7 

7*5-fAt«l*fl:^*^E- 6 ©ft-&$&£ffl^ 
T. 5 0nm©J*SK:#*» (illtlOO : 4. 0) 

±0*WWMB*JlHP*fl«Lfc. #«bfc*r**«#3S 

5 6mA/cm2(D«8it^8itnfc= »S2 4 1 0 
c d/m2©#*fe©3S#a**BSttfc. 
[0 3 15] 2 3 

(2-^^-8-*/ (4-71-^7 

•*««r*'«*)DK, fx (2-^^;v-8-+yj 

; 7 -M 7;Rr7A-(i-t+V-t*X (2-^?- 
;u- 8-+yu;7- h) 7JUS-^A<L0ij7K{t:£-#i# 

■^•L — 6 ©■fb-a^Sffl V*T. 5 0nmOSSC*lt 

(SSitl 0 0:3. 0) b, 5S3fcBfcbfc«*M*« M 
mm 1 2 1 HC«0^ttK«k DWW^fSJtJK^t^K 

2v<D\S.ffimm&mmLrz£z.z. 5 3mA/cm2©« 

«7l«**ifc. WS2 3 4 0 C d/miofWOSBIW 

[0316] mmm 1 2 4 

f^2 0 0 nmO I TOSMI (US) «r*rr*#5 

xSfi^. 7irb>\ x*/-;uSffltr»Tfi 

fclHfcbfcft. »it.4x 1 (HPafcittEbfc. S 
T, I TOjgHJ*«±l'< 4, 4' -fcfX (N-7i^ 
J1/-N- (3" -/^7i-;W 75^) k*7i^ 
£$S»i£g0. 2 nm/secT7 5 nm©J¥£fi:^# 
U lEft&AfH&jltbfc. -€-©±K, 
£«9#^C- 1 ©ffr&tt*. ^*iiS0. 2nm/sec 
T5 0nm©SSl:IfU 583tJitbfc. ifcfc. HJ 
X (8-^y'J7 7-N) 7^5-7AS:, 
0. 2 nm/secT5 0 nm©JP£fc:&»U ft'faA 
fSi£Jl<hbfco ££t:*-©±t:. 
j&«j§£0. 2nm/secT2 0 0 nmC*SC*if 
(MSifcl 0:1) UtlStl. tfWWMBUHIH 1 * 

T, 1 2 V©Egit«)£S:9Jlnbfci:^5» 5 6mA/cm 
2©««a*iKftfc. ffiig2 7 0 0 c d/m2©ifJtfe©5g 

[0317] §g;6S0il 1 2 5 



^ J - 6 ©{b£$l£®ffl bfceUNi. 1 2 4 CE 

^rmm^fg^ssi^ k, ^nm%y^ 1 2 v©ksi«je 

SrfflJOb/::t^-5. 5 4mA/cm2©SafE* J 8K*T.fc. W 
g2 5 6 0 c d/m2o#»fi©5B**«lti8*nfc. 
[0318] ^flSfll 126 

10 DWWWwatffSfMbfc. f^sabfc 

SrfflSPbfei^5» 5 6 mA/cm2©fl|fllt#*tiltft£:o W 
S2 5 3 0 c d/m2©tf»fi©3S3te*«*Baftfc. 

[0319] &ttM 127 
i$2 0 0 nm© I TOSBJ«S (USD 

«ftt*ai, 7-th>. ij'y-ji'Sffl^ti 
6i:uv/*';>ftflH/ft«, i^«s«©*«*;wy- 

HH£l/fc». I»«S4x 1 o-4PaK«ffibfc. * 

20 t\ I TOaWiilC. 4, 4' -t'X (N-7i- 
JU-N- (3" -/W7i^JW f7i-^ 
^♦SSS 0 . 2 n m/sece 7 5 n m©ff $ \zM2t 
U iETLaAttSietbfc. ^©±13. «*ft 

£-$J#^fA- 5 ©{£-&#>£. ^*iiS0. 2nm/sec 
7?5Onra0)ISl:IfL 56^H<hbfc. *V»T. 
©±fc. 1, 3 -f7> C5' - (4" 

izw -i* . 3* , 4* -^•t^v7y-;^-2 , 

— f;W ^#iSS0. 2nm/secT5 0 

nm©f$l:IfL« «^aA«iiillB<hbfeo S5fc* 
so ©±fc, 7^v"?At«S. ^#»S0. 2nm/se 
cT 2 0 0 nmOSS (Sfiit 10:1) bT 

igtL, fi«#l7£if*fSbfe. ft. 

misfztz\%. 4 6mA/c«2©^tK#8iinfc. Wfil 
8 5 0 c d/m2©ff»fi©«**«*Ba*ifc. 
[0 3 2 0] *«§#l 128 
^JfS^Jl 2 7C*V»T, |8^S©0^('^bT. ^ft: 

^«A-5©fl;-&**«ffl"*'*f^t>t)lc. m^kGy>& 

&<Djjm\z£t)G®nft%xm?z:ftmisiZo &mvtz 
^mn^-m^tm^z. «;ja»H^T, i4v©fiss«i£ 

<&Hlljnbfc<hI.5, 4 5mA/cm 2 ©«Sit^giEtlfco 
« 1 7 8 0 c d /m1<nHm&<D%ibfimMZ*itz* 

[0321] $kmm 129 

*SSW1 2 7K*5^T. ^7te©^fi£^^bT, ^J7f:{k 
fD-14 ©^t^#J*ffiffl b^W^^ HJS^J 12 71: 

Bftnjsmz&QmmnftmytmT&ftmLfz. ftmv 

so feW^«^5g7t^t:> SlfeSH^T, 14V©ifiSit« 
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EE^aJlDLfcidS, 5 8mA/cm 2 ©«git^sStn/S:= 
MS. 1 4 6 0 c d /m20#*fi©3S3te#WB3 *l£o 
[0 3 2 2] HifiS^J 1 3 0 

2 0 0 nmffl I TOj§HJ§tt;ffi (IRS) Z^^jly 

6i:uv/t7>ft#bfct, ifggoxs*;^- 

CHtbfc*. i»»S4X 1 (HPafcBffibfc. * 
f. I TOSIItilC, 4, 4' -fX (N-7i^ 
;U-N- (3" -*3-)V7x.-)V) 75/) b*7x^ 10 
*^*jSS0. 2 nm/secT7 5 nm<D»SK&* 
I/, iETL^A^SIBtbfco &V>T, -t«>±K. HJX 

A-10Oft^ftS. fttt-&ff*Mfr&. sl»MS0. 
2nm/sect?5Onm0)iai:^It («*tk 1 0 

0:1. o) u m^ttsiBfcfcfcfcfeftstbfc. a 

6.f:-?-co±iC> $s»j£«0. 2n 

m/secT2 0 0 nmOJSS (MJt 1 0 : 

1) LTftitU. ^rllWff***^*^*^*:. 

«ffi£BI;!jnbfc<J:£3, 5 4mA/cm2(D€fli£* J 8Rn 
fc. »g2310c d/mZofrllfcfiOfBJfctffcBSft 
fc. 

[0 3 2 3] gUfti 1 3 1 

<8-*/U/5— h) 7J^-fii«^A- 

1 oo<b^«*«ffl-r*«too»'. hjx (8-*/u 

7A-5-!7Ai:fllSft^«WB-60ft6 
ttSffl^T. 5 0n.mO»Sl:*ili (**J£l 0 0: so 
1. 0) b, ISftJf i:bfcRfl-te, *Jt«13 0KIS« 

WWSBWFK. 1 2 V©iESit1tffi£ 

9JinLfei:C5, 5 2mA/cm2o«aE*iflSnfe. 

2 3 6 0 c d/m^nm^m^mm^nrzo 
[0324] mmmi 3 2 

Jtltffll 3 OCfeUT, WI6i©»*l:BtT, HJX 
(8-*;uy5- h) 7;W5— ^AtW^t^A- 

(2-/fJP-8-*y | J/?-H 7;U5^^Ai^ 
wfc^*f f C - 4 4 Oft^*l*fflV»T, 5 0nm©f 
SC^fc* («*Jtl0 0 : 2. 0) b, 56JfcJi£bfc 
fiWWi, 1 3 0 fcB*©#i*K«fc D#««JM«fc 

1 2V©flHMtffi£BltPbfc£;i5, 5 5mA 
/cm2©««[*«a[tlfc. SS2 3 2 0 C d/mZ<DW®& 

[0325] mmm 1 3 3 

1S 2 0 0 nm© I TOiS9!«ffi (HO £W-r$#5 so 
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fttftffl. 7-feh>, x*/-;HfcJflWC« 
#ifcft#b*:. -?-©£«£g3fi#X£fflV>T$£*iU $ 

r, i roaiitiic «wft^«#*A - 2 i©ft 

2 nm/secT5 5 nm©Jf £tc^ 
#U ^Itbfc. *0±C, 1, 3-fc*X 

C5' - (4" -tert-^Jl^xX^) -1* . 
3' , 4' -t+ty77-il'- 2 ' — f;W ^>ir> 
3H*fiiE0. 2 nm/secT7 5 nm<DJf SlcSiaP 
U ttT&AII&ll&l/fe. $&^-€-©±tr, vy*y 
ijAilJ, 3&iFii§!0. 2nm/secT2 0 0 nm© 

(HSttl 0 : 1) 1/TRiiU 
JM83tt*?*fl«bfc. &»«©Ml£#Jg 

t£J£g:ffl»T, 1 4V<DW.ffiW£&GU3alstz£Z*>, 6 
1 mA/ci2cMUkft*Knfc. »«1 5 2 0 c d/m2© 

tt»e©5B3foWiBa ftfc. 

[0 3 2 6] gttfflll 3 4 

^*a - 2 i ©ft^ii*«if *ftt)iJ c. mmit^m 

#<*C- 1 3©fb-&«fe«fflUfcaWi, S&K«1 3 3 

«E£BIJnbfc:£;L5, 5 9mA/cm2<o«SiE*<8iEn 
fc„ BS1 48 0C d/m2©WI*6©»3fca**B3*l 

[0 3 2 7] 1 3 5 

2 0 0 nm© I TOS^II (II) Sr^f 3#7 

xs«*, ftt*ja, 7-feh>. 3^? ;-)i*m^xm 

6l:UV/t7>ft#tfc. *C I TOli«I± 

5 0 0 0 0) . «wfl;^«I»*A- 1 3 ©{££<», i7V 
U>6 (" 3- (2* -^>7f77'JW -7-yl 

^75/fvij>" (*e©«3tia«-) ] . *3=t^>*D 

CM-l C" 4- (yy7y^fk» -2-*3\>l— 
6- (4' -i?**?-)VT$.SX?-V)V> -4H-tf7 

>" (*i/>>Jfi©»^) ] £> ^n-en**tti 

0 0:5:3: 2<D«£T*rr* 3m*X©>?#nn 
X*>**fcffl^T, 5*<f %^3-httCJ:0, 400 
nm05B3tJiS»*bfc. *K. 

*Mf * 4x l 0-4Palr^ffb^:. 2 fg^S©± 
fc, 3- (4* -tert-^^XxXjlO -4-7i- 
;P-5- (4" -7xZJ1/7xZJW -1. 2, 4-h 
>J7>/— ;H£r$s*iifiO. 2 nm/secT?2 0 nm<£>JP 
Sim»bfc«, 3&l:-f«)±l:, hUX (8-*/U 
;7- h) 7^5-^5:, ^#iiSi0. 2 nm/sec 
T3 0nm<D»3CIfU tt^aAtiSieibfeo $ 
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m/secT2 0 OnmWJfStr^# (**i£ 1 0 : 

i) vxmmtv. nmnR&ytmT&tt&Liz. fes 

ME-ZftitiaLtZtZZ, 7 1 mA/cmlonffitffi&tl 
tco HfSl 3 9 0 c d/m2<DG&<n%ft1)mm2n 
tz, 

[0 3 2 8] mmmi 3 6~1 4 3 

nmmi 3 5\za^x. m^it^^A- 1 3©{t-e- 
w&mm-rzftiomz. #j^{t£-ti#*tB - 9 (Dit-sm 
mmmi 36) , m^t^^c-ioit^m (m 
mm 1 3 7) , m^it-t^^D- KDit^ (mmm 
138), m^it^^E- 6 <Dik-&y> mmmi 3 

9 ) , W7Kfc-&y)&^ J — 6 <Dit&%) (*SS#J 1 4 

0) . ^J^fk-^^lS^K- 8 mMM14 

1 ) , ^J^t^S^L - 2 <D{t£$) (*S6#I 1 4 

2) , «RJ^t;^##0-4©^% (HJS^J14 3) 

3?) (810) fcjSbfc. 



[0 3 2 9] 
[« 1 0 ] 

g_5g 











(c d/m2) 


(mA/cinZ) 


sfettfrj 13 6 


13 8 0 


7 5 


HJ6«1 3 7 


12 8 0 


7 6 


**fc#J 13 8 


12 5 0 


7 4 


^26^11 3 9 


12 4 0 


7 6 


4 0 


12 6 0 


7 5 


iMi 4 1 


13 4 0 


7 5 


3*091 4 2 


12 3 0 


7 3 


1 4 3 


12 6 0 


7 4 



[0 3 3 0] *i&S0il 1 4 4 
fS 2 0 0 nmCD I TOS^ttffi (US) SvfTf £#7 
tttftaO. 7-fcb>, I^;-Mffl^i 

5 0 0 0 0), 1, 3-t*7> [5* - (4" -tert-^ 
f^7i-W -1' , 3* , 4' -**-3-?7y-* 
-2' —iM ^>-tf>*5<fc^^<b^#l#^C-5CD 

fc^**, ^-n-enmstti 0 0 : 3 0 : 3<D«iJ^T-& 

Zfa— h&tr«fcD> 3 0 0 nm(Dfg7l£«£J£fiSb;t. * 



« 192003-128651 (P2003-128651A) 



(96) 

190 

\Z, CKD^^BSrWr^^^T.SSSr, ^»&B©*« 
*)Vy-\zm&Vtz'&. l»«54x 1 O^PaKMffib 

jggO. 2 nm/secT2 0 0 nm©J¥ ^\z^Mm (M 
Sit 10:1) bT»«£U ^fcttl^ftSt^fcfe® 
bfco flsBLfc*«WMB***fc. &t£#BMT. 1 
5 V(D\B.ffini£ZtiHSlhtttZ.?>, 6 7mA/cm2(D* 
.8t35**nfc. SS16 10C d/m2<0#»fi©»3ll6«« 

io [0 3 3 1] HJiCSJl 4 5 

&<®)&nc- 5<Dit£®>$:@.m-t ; z>ftt)<oiz, 

!&5#^E-2 10{t^«*«fflbfceJl^tt, ^SS^l 4 

KbfcW^miffjSftiSt^K, &*sf?B^T, 15VOSS 
Sit«ffiSrWSnbfc<i:^5, 6 7 mA/cm2©«S5^8itn 
fc. M1 5 6 0 C d/m2©Wfe©563teiW»Ran 

it. 

[0 3 3 2] it&M 3 
20 *««1 4 4fc*5V>T, fgftB<7)^fiSf~®bT. fi«J^t 

&®mnc- ^(D^m^m-r^t)^^ 1, 1, 

4, 4-rh77i-)l'- 1. 3-^i?X>ft(tIl/ 
HKM 1 4 4 KE*©#iSfefc <fc 

jt^^abfc. f^sb^*«i«»fe3tifi^(c, te* 

#ffif(T, 1 5 V(Djaait«ffi&Slttlb^<i:^5, 8 6m 
A/cB2cD««t*»8K*lfc. WS7 6 0 c d/m2<75#fe<D 

nfc. 

[0 3 3 3] *flS#J 1 4 6 
JPS 2 0 0 nmffl I TOlWI (US) £*TT5#7 

30 r-th>, x^y-jnejHv^a 

It, #U*-#*-h (H¥^fi5 0 0 0 0) , 
4, 4' -fc'X (N-7i^-N- (3" 

75 7) f7i;;K b*X (2 8 - 
+ 7*5Xi7A-/i-^V-t'X (2 

0:4 0:6 0:1 (DSiJ^T^WT^ 3 fi»%<D>?^ P 
40 DX^>Jgi£S:fflViT» ^ya-hfttCtO, 30 
Onm©5B3tJi*»J«Ufc. ^©SBttMfc*"*-* 

^»«*4 x l 0-4pafC^)Eb^. fg7t«©± 
(r> vn->fAiiS, M*iiS0. 2 nm/sect 
2 0Onm©«l:*It (SSifc 1 0 : 1) bT&« 
tU W«m^567t3S^*^S4bfc. f^»bfcW^«# 
RJtt*^. R*»*H»T. 1 5 VOiSSitttffiSrfflJOb 

6 2mA/cm2©mS!t^gitn/c. »S9 8 0 
c d/m2<Dffi^e©^^?SB$nfec 

so [0334] mmm 1 4 7 
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i-3 ©ft^ti^^ffl b/tewn, MMm 146 
Ltz^mm^ytm^z. ttmmmmr, i 5 vcomm 

WS.^M\ytzLZ\^>, 5 9mA/cm2co«8!t^8Sn 
tco Sfg9 5 0 c d/m2(D#feCD^7t* s 5tS^tlfCo 

[0335] mmm 1 4 8 

S$2 0 0nraroiTOlWSi 2r*-r^**7 
X*R£, 7±h>, X^y-;P5rfflV^T@ 10 

^&ife#bfc. ^(D»|g£S3SS#7>£ffl^T$f;*£b. $ 

%^MMM&0. 2nm/secT7 5nmOi^l:lf 

(8 U 7 7— h) T;l/5— ^ASr^iSSO. 2 
nm/secT5 0 nm<DJP£ C:^#U m^aXtlitW 

<hffi£s ^#iSS0. 2 nm/secT2 0 0 nm<DJp£ 20 
K#ISI» (Mifcl 0:1) bTBIStU WflUl^fS 
^^^^iabfc ft. ^»«WiSE^Sr« 

gffl^Tx 1 2 V<Dttgt«ffiSrfflJnbfct3:5. 5 1m 
A/cm2cD«8iE*s^nfe 0 »ffi2 4 2 0 c d/m2<7>#& 

[0 3 3 6] $M 1 4 9 
^66011 1 4 8 K&^T. IE?LiiA^2l«©^fiKtcKb 

\z. m^{t^^B-6<Dit^^mvrz&.^\^ ™ 

mt&M 14 8 KfE«(D7jftl~<fc 9 W^*^^*^^ 

1 2V(Dm^.MS.^taVrztZ.^>. 53mA/cffl2© 
*«tdSSitnfeo SS2 3 8 0 C d/m2©#feO^^ 

mmzntz, 
[0337] mm 1 5 0 

mmm 1 4 8 iz*v*t. TEii&xwM.mvwmzui' 

X. «^{t£$I#^A- 5CD{t^t>£ffifflt-3ft:b9 

mmm 1 4 8 {rtB«<D*s!' «t 0 ^ai?-^^ £f£ « 
©bfco ^Lft^mm^m^tm^z, $L$k%mn.T, 

1 2V<DW.mWZ%W$\htzk.Z\?>. 5 4mA/cm2cD 
«8*j&«*ftfc-. SS2 3 6 0 C d/m2©^feW^^^ 

[0 3 3 8] ^SS^Jl 5 1 

mmm 1 4 8 \z&^x, m^i&xmmmommzmv 

T. ^^b^#^A-5cD^tl<&«ffl-r^^t) 
id. ^J^fb^S^D- 1 <£>ft:£$)£<£ffl bfcj^fl-te, 

1 4 8 KfeSc<D7j&K<fc 0 w$«#5MH^fe 



192 

1 2 VCDitSiE«ffiSH]SPbfci^5, 5 3mA/cm2<D 
Htflrt^Simfco »S2 3 8 0 c d/m2©Hfe<Dfg3fr!>* 

[0 3 3 9] 1 5 2 

HSB^J 1 4 8 KiSt^T, IE?L&A8ij£JlroJ£fi£KI&b 
T, #j7ftfb£-$l#*tA- 5(D{t;^Sr^ffl-rSf^t)l9 
«sj*^tl#^F - 5 <D{t£#l£&ffl bfctWi, 
USSM 1 4 8 t'tEiicCD^ffitCiO^m^fg^m^^ 
ILfe. ^Mb£*ti«#fBftiSW~* KiUBST, 

1 2 V©arS«E$rWirabfeiC5, 5 2mA/cm2© 
*git^8itn/!:. ]BPg2 4 0 0 c d/m2<D&£©fg^# 

[0 3 4 0] SJi^J 1 5 3 
f$2 0 0 nmfl I TOIMI (Kiffi) £#^£#7 
XISS. 7-fch>, I^y-Jl'^^TS 

#i£ft#b7Co *-©g«£g?JS#X£ffl<' i Ti(£Jab> 2 

tC@£b7c&, 1»M4X 1 o-4pa(r^iEb/t. £ 
-f, I TOl^I±l:> 4, 4' -t*X (N-7iC 
;W-N- (3" -/ff7i-)W 75 7) t'7i^ 
$r^»iiao. 2nm/secr7 5nmCfSI:If 
U IE?L&A«9j£Jitbfco &<^T, ^©±K, MJX 

( 2 - 7 i^t: u s? » -f ;j w^tMrnt-erVogr 1 ^ 

A-5<D<t&%>%, S^^^#M^5>. ^*jSS0. 2 
nm/secT' 5 0 nm<DJ*£K#*l* 1 0 0 : 

3) U ffltLfc. hUX (8-*/U/5 

-h) mm&&0. 2nm/sect5 

0nm©)ISIlifl, n^&A&mmtVtZo iSZiZ 
•5-CD±H, Y^->9AtI^ ^*j«S0. 2nm/ 
secT2 0 0 nnKDmZiZ&Mm (S»Jt 1 0 : 1 ) b 

xmmtv, mmnR%xm?*ftmvtz* ft. ^» 
wsn bfc t e. 3«§6©fg3frWii^£ nfc. 

[0 3 4 1] *SI«SJ 1 5 4 

ussm 5 3td*5^T. mftmn&mzfavx, m^it 
^S^A-5Oib^«5*«ffl"r*f^t>0ir, {fij^fb^- 
«##B-6 0flS^**46fflbfcK^tt, S*S0il l 5 3 

[0 3 4 2] 155 
^Sfi^J 1 5 3 \Zt$^X. 563tJiO»J*lwlRbT, 

«#^c - 1 ofb^«s«JB vfi&,m^ mmm 1 5 3 
\zm«L<DijmzJ:Qmmnftmftm?zttmvtzo 

ms. & mm b t z\ z &&<D%mmm s . 

[0 3 4 3] 
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(98) 
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[01] mmnn%yt%=?-<D-m<»&v&mmw?& ; s>o 

[0 2] tf*m*»3fc*^<0-fl©*HM)liftHT**. 

[03] %mnft%ytm?(D-m<DiBt*&mi&®~F$>z>. 

[04] W«t8#5§3tl!l^©-^©miSStji0T*S. 

[05] %®nRmftmT<D~M<Dmmmmm-c$>z>o 

[0 6] W^«#^^<7)-^(O«lfflS1«ift0T*-5o 

[07] mmn&mytm?<D-m<Dm.v&mT8i®-e&2>. 

[0 8] W«m#fgftili^©-W(D«Iigfltjt0T*S. 



10 



1 

2 
3 
4 
4' 

L1t\ 
4" 
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3S1& 



1) 

5 
6 

7 : mm 



[01] 



[0 2] 



[0 3] 





[0 5] 



.];-!liit:B)J8S.fe~:l 



[0 6] 



[04] 





[0 7] 



[0 8] 



llilliii 




(51) Int. CI. 7 mum F I r-73-K (##) 

C0 9K 11/06 6 4 5 C0 9K 11/06 6 4 5 

6 5 5 6 5 5 

6 6 0 6 6 0 

6 9 0 6 9 0 
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(99) 

H0 5B 33/14 H.0 5B 33/14 B 

33/22 33/22 D 

(72) Si F^-A(##) 3K007 AB02 AB03 DB03 

TUft?f580-32 H#ft*» 4C036 AA02 Mil AA14 AA17 

jj^ftft 4C056 AA02 AB01 AC03 AD05 AE03 

(72) <PM EM EA01 EB01 EC02 EC12 

^m&WrmWfkmSM-n =#1t¥W 4C063 MO! BB06 CC16 DD08 EE10 

4C204 BB05 BB09 CB25 EB01 FB07 
FB16 GB01 GB02 



